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Abstract:
Productivity growth in the U.S. freight rail industry has slowed in recent years, raising the issue
of the sustainability of the significant improvements achieved during the past three decades.
Indeed, between 1979 and 2009, all the inputs of the industry saw their productivity increased by
rates ranging from 110% in the case of fuel to 430% in the case of labor. Operations productivity
measured by the ratio of operating revenues to operating expenses increased by 76% over the
same period.
The purpose of this study is to summarize and explore the mutations that occurred in the freight
rail industry at the institutional, operational, managerial, and technical levels in the past 30 years.
Several productivity metrics were selected, organized into a comprehensive framework, and used
to document the changes recorded in the different dimensions of productivity. Three different
methods, based on the mathematical analysis of historical data, were developed to estimate the
contribution of a series of pre-identified factors to the overall gain in productivity over this
period. Both these methods and the productivity framework could be applied to the future
assessment of the productivity of any other transportation mode.
The principal outcome of this study is that among all the impacting factors, the improved labor
productivity and the declining shipping rates are the ones that contributed respectively to the
largest gains and the largest losses in operations productivity over the 30-year period.
Finally, the study concludes that future improvements in operations productivity are likely to be
conditioned by the evolution of shipping rates for the most strategic commodities, and that the
contributions of fuel, infrastructure, and equipment productivity will gain in importance as a
result of the limited incremental improvements still possible in labor productivity.
Thesis Supervisor: Nigel H.M. Wilson
Title: Professor of Civil and Environmental Engineering
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Chapter 1: Introduction and Organization
The American economy, like all diversified economies, relies inevitably on the movement of
people and goods, taking advantage of the extensive rail, air, highway and waterway
networks that have developed over many decades, driven by technological advances and the
constant need to link new markets to production sites.
The direction of causality between economic growth and transport development is hard to
prove and is not the purpose of this report. However, what is certain is that the
transportation sector has undergone a remarkable evolution during the last 30 years (Figure
1-1), in line with the overall growth of the national economy.
Fig. 1-1: US Transportation Sector's Output (profit) in current M$
400,000
350,000
300,000
250,000
200,000
150,000
100,000
50,000
r, op a o N m - o o a o r-i N m -z o W i- w m o - N m t Lo w -o o
M. M. M. Mc Mc cc cc cc cc cc cc cc cc M~ M~ M~ M~ M 0 0 0 0 0 0 0 0 0
o , o a00 0 0 i 0 0'M,01O,) a)0, 0 0 ), , a, 0 0,0,0,0,0 000
v-4 v4%I q- -4 T- 4-1r1T 4 q%- v rq 4 -4 " " " "-4 NNC Nr N CN N N r14 N
Source: Bureau of Economic Analysis (US Dept. of Commerce), NAICS data
This evolution has affected both the transport of passengers and freight. Statistics show that
the number of passenger-miles travelled almost doubled between 1980 and 2007, while the
number of ton-miles increased by 35% during the same period (Figure 1-2).
Fig. 1-2: U.S. Total Passenger-Miles and Ton-Miles of Freight (millions)
6,000,000
------- t~ i
3,0000,000l
1,000,000
0 1 1Eli i =11111
* Ton-Miles
M Passenger-Miles
Source: Bureau of Economic Analysis (US Dept. of commerce), NAICS data
5,000,000
400000 A
This increase in total outputs (sector profits, ton-miles and passenger-miles) has been
accompanied by an increase in productivity. In other words, the transportation sector has
achieved, overall, a higher growth in its outputs compared to the growth in the assets and
operating resources involved in providing the service (Figure 1-3).
Fig 1-3: Productivity as the ratio of Revenue Ton-Miles to Operating
Expenses in constant $ (1985=100)
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Source: Railroad Facts (various editions)
This study is part of a larger one conducted under the auspices of Transportation@MIT and
sponsored by The Speedwell Foundation, and whose objectives are first, to review
transportation productivity by mode over the past 30 years and identify the institutional and
technological changes that contributed to it; and second, to determine the policies and
measures but also the technological choices that could lead to improvements in
transportation productivity in the next 30 years.
The focus of this thesis is on the freight rail mode with the following four objectives:
" Through the study of the freight rail industry, build a general framework that can
serve for the future analysis of productivity in other modes.
* Review the existing ways to measure freight rail productivity and propose
improvements that can be made to those metrics in order to assess unexplored
aspects of productivity in this mode.
* Identify, among the change drivers of the freight rail industry, the ones that have had
the most significant impact on productivity over the past three decades and evaluate
their relative contribution to the observed changes in productivity.
* Examine prospects for future freight rail productivity improvements and make
supporting recommendations for policy and decision-makers.
The thesis is structured in five chapters, corresponding to the objectives outlined above:
* Chapter 2 is an overview of the major changes that have affected the U.S. freight rail
industry since the end of WWII.
e In Chapter 3, productivity in transportation will be defined and an example of a
framework used to organize productivity inputs, outputs, and metrics will be
presented. An attempt will be made to identify some improvements that can be
introduced to these commonly used metrics in order to assess factors affecting
productivity that pertain to current issues such as the environmental impact.
Finally, this chapter shows the evolution of freight rail productivity during the past 30
years by category (labor, fuel, capital...etc.), through the use of the various metrics,
and suggests explanations for the changes observed.
* Chapter 4 introduces the methodology for this study: the objective is to identify, for
some productivity metrics, the factors that are likely to have had the most significant
impact on their evolution, selected among a previously identified set of industry
change drivers. The identification of the most important factors is somewhat
subjective and relies on the assessment of industry experts and interpretation of the
literature on this topic.
After the identification step and by adopting a mathematical approach, it should be
possible to "isolate" the effect of each factor and estimate its contribution to the
variation of a given productivity metric.
* Finally, Chapter 5 presents a summary of the research, proposes some actions that
decision and policy makers can undertake to improve freight rail productivity in the
future, evaluate the difficulties encountered, and assesses the degree to which the
initial objectives have been achieved. The thesis ends with some thoughts on future
research that might be undertaken in this area.
Chapter 2: Freight Rail Industry Status and Evolution
This chapter documents the major changes that occurred in the freight rail industry in the
second half of the past century. It is aimed to provide a sufficient background for the
analyses that will follow and covers the major aspects of the industry, allowing a section to
each of them.
Section 2.1 is about the industry structure (major railroads and other actors of the industry,
network configuration, consolidation moves...). Section 2.2 describes how rail competes with
other modes on freight transport, while section 2.3 documents the changes in demand
patterns (types of commodities shipped, origins and destinations, and mode split). Rates and
profitability are discussed in section 2.4 and section 2.5 deals with labor issues and union
role within the industry. Innovation and technological improvements such as
computerization, track and structure upgrade, and intermodal freight are documented in
section 2.6; followed by an analysis of railroad cost structure and a discussion, in section 2.7,
about the progress in safety and maintenance practice. Regulation and deregulation issues
are discussed in section 2.8 and the changes in customer habits in section 2.9. Finally,
section 2.10 closes the chapter with conclusions and observations.
2.1 Industry Structure
In 2010, the U.S. freight rail is a highly concentrated industry with four major companies
accounting for more than 90% of railroad volume (Elkin & Meitzen, 2010):
Table 2-1: Major Class I Railroads
Network size Number of Carloads Revenue Operating
Railroad (route miles) employees (millions) (millions) income
(millions)
1. Union Pacific (UP) 32,100 41,700 7.8 $14,143 $3,392
2. Burlington Northern and Santa Fe 32,000 38,000 8.4 $13,848 $3,208Railway (BNSF)
3. CSX Transportation (CSX) 21,000 30,000 5.8 $9,041 $2,285
4. Norfolk Southern Railway (NS) 21,000 28,593 5.8 $7,969 $1,962
Source: Class I railroads' annual reports (2009)
These and three other competitors constitute the Class I railroads which include companies
with operating revenues of $346.8 million or more (in 2006 dollars) after adjusting for
inflation using a Railroad Freight Price Index developed by the Bureau of Labor Statistics
(BLS).
Two geographical duopolies exist: CSX and Norfolk Southern compete in the eastern part of
the country, while Union Pacific and BNSF cover the West and operate several routes in the
Midwest and the South (Figure 2-1).
Fig. 2-1: Class I railroads' network
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Source: Department Of Transportation, 2006
Kansas City Southern (KCS) and Grand Trunk Western (GTW) are also Class I carriers offering
routes in the South, the Midwest and Canada. The 7th and last Class I railroad is Soo Line
Railroad (SOO), a subsidiary of the Canadian Pacific Railway (CP).
In addition to Class I carriers, the railway classification system includes 3 other categories of
freight railroads: regional, local line haul, and switching & terminal:
e Regional railroads are line haul railroads with at least 350 miles (560 km) and/or
revenue between $40 million and the Class I threshold. Most have between 75 and
500 employees.
" Local line haul railroads operate less than 350 miles and earn less than $40 million
per year (most earn less than $5 million per year). They generally perform point-to-
point service over short distances.
" Finally, switching and terminal (S&T) carriers are railroads that primarily provide
switching and/or terminal services, regardless of revenue. They perform pick-up and
delivery services within a specific area where rail lines and/or operators interchange.
The industry has become much more concentrated over the last 50 years. In 1960, there
were 106 Class I railroads in operation and a total of 607 freight railroads (Figure 2-2):
Fig. 2-2: Number of U.S. freight railroads
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In fact, the industry faced several difficulties in the period following the World War 11 and
entered a cycle of decline (bust periods were also experienced in the 1 9th century) that
reached its paroxysm in the late 60s. Many freight rail carriers threatened to go into
liquidation after the country's largest railway Penn Central went into bankruptcy in June
1970, followed by other smaller northeastern railroads.
The organization in 1971 of the government-owned corporation Amtrak to take over the
intercity rail passenger service, the Regional Railroad Reorganization Act, and the Railroad
Revitalization and Regulatory Reform Act (4R Act) of 1976 emerged as the federal
government's response to this crisis, accompanied by the creation in 1976 of Conrail
(Consolidated Rail Corporation), a government-funded private railroad incorporating under
its banner the potentially profitable lines of bankrupt carriers (Morrison & Winston, 1999).
Hundreds of relatively small mergers occurred over more than a century before the creation
of Conrail. As the earlier merger that led to the creation of Penn Central was a failure,
Conrail can be considered the launching point of the series of large mergers and acquisitions
that followed and that led, more than 30 years later, to the current consolidated industry
structure. (The timeline in Figure 2-3 shows the principal mergers and acquisitions that
occurred since the start of the freight rail industry).
The story of Conrail is instructive for the lessons that can be drawn from it':
The information is mainly extracted (with the authorization of the author) from an article by Adam Burns
published on American-Rails.com under the title "Conrail, The Consolidated Rail Corporation", in which the
factual information is mostly provided by a book authored by Rush Loving, Jr. entitled "The Men Who Loved
Trains: The Story of Men Who Battled Greed to Save an Ailing Industry".
Penn Central was created on February 1, 1968 by the merger of the New York Central
Railroad and Pennsylvania Railroad (and supplemented in 1969 by the New York, New Haven
and Hartford Railroad). It was a hopelessly entangled mess with almost no planning carried
out by the predecessors prior to the merger. The railroad was losing over $1 million a day
and problems such as the corporate cultures' mismatch created many of the problems Penn
Central experienced.
After Penn Central collapsed and entered bankruptcy on June 21, 1970 the rest of the major
Class I railroads (except the Erie Lackawanna, which fell victim to Hurricane Agnes' torrential
flooding in June 1972 and soon after declared bankruptcy) in the region soon followed as
they were not only also in a precarious state financially but they relied almost exclusively on
the Penn Central to through-ship their traffic.
A proposal from the Association of American Railroads led to the creation of a government-
funded private company under the name of the Consolidated Rail Corporation, or Conrail
which was created in the mid-1970s and began operations on April 1, 1976. It consisted of
lines from Penn Central and six other companies: the Ann Arbor Railroad (bankrupt 1973),
Erie Lackawanna Railway (1972), Lehigh Valley Railroad (1970), Reading Company (1971),
Central Railroad of New Jersey (1967) and Lehigh and Hudson River Railway (1972).
When Conrail was formed in 1976, it set about abandoning thousands of miles of track (a
stipulation it was granted during its creation) to shed unprofitable lines. In addition, the new
management that took office at the beginning of 1981 reduced Conrail's size by another
4,400 miles over the next two years. This large reduction cost the railroad a mere 1% of its
traffic and 2% of its total profits.
Further improvements to the railroad's bottom line included CTC (centralized traffic control)
to move trains more efficiently, job cuts approved by the unions, and the ability to drop its
money-draining commuter responsibilities taken over by state agencies through the
Northeast Rail Services Act (NERSA). By the end of 1981 Conrail was finally in the black and
turning a profit, something which had not been seen since the early days of Penn Central in
1968, thirteen years earlier.
In March 1987, eleven years after it was created, the profitable Conrail was sold to the
public and became a private, independent railroad (an interesting side note here is that the
first battle between NS and CSX for Conrail began in the mid-1980s but the railroad was
ultimately sold to the public). According to the same article, what would make Conrail truly
profitable was the intermodal revolution. With two direct main lines serving New York and
Chicago, Conrail dominated piggyback and intermodal services between the two cities.
Despite this improvement, Conrail was still the smallest of the three eastern Class I carriers
and it is not surprising that CSX and NS once again sought to purchase the railroad. The
second battle for Conrail began in the mid-1990s when CSX announced its intentions to
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purchase the railroad outright. However, a successful fight and intervention by NS prevented
the sale and eventually the two railroads settled on splitting Conrail with CSX receiving 42%
of the railroad and gaining most of the ex-New York Central lines while Norfolk Southern
received 58% and received most of the ex-Pennsylvania Railroad routes. Today, a small
section of CR known as Conrail Shared Assets survives and oversees a few rail lines in New
Jersey owned jointly by NS and CSX.
Fig. 2-3: Timeline of railroads' mergers and acquisitions
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*SBD: Seaboard System Railroad 1983-1986
Source: Railroads' websites, backward historical analysis based on public data available online
Besides the Class I carriers, there are hundreds of regional and short line railroads as
mentioned previously. Some were created by the large railroads in order to take advantage
of the highly productive work environment that short lines could provide. Others were
created with assistance from public agencies or shippers in order to preserve service on lines
that would otherwise have been abandoned. Figure 2-4 shows regional and short line
ownership in 2002:
Fig. 2-4: Regional and Short Line Railroad ownership
* Shipper
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Source: American Short Line & Regional Railroad Association, 2002
Even though they account for less than 3% of the total volume (based on 2007 ton-miles),
these railroads play an increasingly important role in the freight rail industry by:
e Attracting new business, in large part because they can be very effective in moving
freight to and from customers and dealing with what is often called the "final mile" in
rail transportation.
* Providing, as part of an intermodal supply chain, a high-capacity and low-cost
shipment to a warehouse or transfer facility from which the final delivery can be
made by truck. In general, a single freight car handles the same amount of freight as
three to five trucks, so the benefits of rail are magnified in terms of highway
congestion, fuel consumption, emissions, and safety.
* Offering connections to two or more Class I railroads, thereby allowing their
customer the benefits of competition.
While short lines are involved in all kinds of freight, they are especially important for what
might be called general freight or general merchandise freight, i.e. everything other than
coal and intermodal. According to a report prepared for the American Short Line and
Regional Railroad Association by Martland and Alpert in December 2006, nearly 25% of all
general freight shipments originate or terminate on a short line, and this percentage exceeds
50% for some commodity groups and equipment types.
However, despite the increase in traffic volumes and revenues recorded in recent years,
regional and short line railroads are facing several difficulties due both to their inevitable
dependency on Class I railroads for service and car supply, but also for the type of goods
being shipped: for example, If Class I railroads decide to concentrate on intermodal and bulk
traffic, then the need for short lines would be diminished (Martland & Alpert, 2006).
In addition to Class I, regional and short line railroads, there are other actors that play a
major role within the U.S. freight rail industry and contribute to shape the activity. They are
governmental or independent bodies with regulatory, control or coordination prerogatives.
The descriptions that follow are mainly taken from these bodies' websites:
The Surface Transportation Board (STB): created by the ICC Termination Act of 1995, it is
the successor agency to the Interstate Commerce Commission (see Regulation &
Deregulation section). The STB is an economic regulatory agency that Congress charged with
resolving railroad rate and service disputes and reviewing proposed railroad mergers. The
STB functions as an independent unit, although it is administratively affiliated with the
Department of Transportation.
The STB serves as both an adjudicatory and a regulatory body. The agency has jurisdiction
over:
" railroad rate and service issues and rail restructuring transactions (mergers, line
sales, line construction, and line abandonments);
e certain trucking company, moving van, and non-contiguous ocean shipping company
rate matters;
e certain intercity passenger bus company structure, financial, and operational
matters;
e rates and services of certain pipelines not regulated by the Federal Energy Regulatory
Commission.
The Federal Railroad Administration (FRA): created by the Department of Transportation
Act of 1966, its purpose is to promulgate and enforce rail safety regulations; administer
railroad assistance programs; conduct research and development in support of improved
railroad safety and national rail transportation policy; provide for the rehabilitation of
Northeast Corridor rail passenger service; and consolidate government support of rail
transportation activities. Today, the FRA is one of ten agencies within the U.S. Department of
Transportation concerned with intermodal transportation. It operates through seven
divisions under the offices of the Administrator and Deputy Administrator.
The Association of American Railroads (AAR): created in 1934, the AAR is an industry trade
group representing primarily the major freight railroads of North America (Canada, Mexico
and the United States), Amtrak and some regional commuter railroads. The AAR also has two
associate member programs, with most associate members being suppliers to the railroad
industry.
Where appropriate, the AAR represents its members' interests to the public at large and to
Congress and government regulators in particular. It works to improve the efficiency, safety
and service of the railroad industry, for example through its responsibility for the industry's
interchange rules and equipment specifications. It also plays a key role in standardization.
The AAR has an information technology subsidiary called Railinc whose applications support
railroads, equipment owners and rail industry suppliers along every link of the supply chain.
Another subsidiary, the Transportation Technology Center, Inc (TTCI) runs specialized testing
facilities and tracks for passenger and freight rolling stock, vehicle and track components,
and safety devices.
2.2 Competition from other modes
Due to the nature of goods and volumes that are handled, the main competitors for rail in
the domestic freight segment are trucks and to a lesser extent, barges. Revenue ton-miles
shipped by rail increased from 932 billion to 1,820 billion between 1980 and 2007, i.e., an
annual average growth rate of 2.5%, while for intercity truck freight, ton-miles increased
annually by 2.8% during the same period, to 1,317 billion ton-miles in 2007. Volumes carried
via barges decreased by 40% between 1980 and 2007. Pipelines, even if they carry important
volumes over long distances cannot be considered as direct competitors for rail as they are
dedicated to the transport of oil products and natural gas. Finally, air freight volumes are
insignificant compared to the rest of the modes (Figure 2-5).
(Billions) Fig. 2-5: u.s total ton-miles of freight by mode
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Fig. 2-6: Share by mode in U.S. total ton-miles of freight
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The share of rail in total U.S. ton-miles of freight increased from 27% in 1980 to almost 40%
in 2007 (Figure 2-6). Trucks are ranked second with 29% of total ton-miles in 2007, which
represents an important evolution when compared to its 18% share in 1980. Nevertheless,
the dominance of trucks is clear when market shares are computed in terms of value (71%
share for trucks against less than 4% for rail in 2007) or in terms of total tonnage: among the
13 billion tons of freight shipped in the U.S. in 2007, 71% are handled by truck while rail
accounts for only 17% (Figure 2-7):
Fig. 2-7: Share by mode in U.S. tons of freight
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The competitiveness of trucks began with paved roads in the 1920s and turnpikes between
the 1930s and the early 1950s, but was enhanced by the development of interstate
highways which started in the 50s and ended officially by 1991. These improvements in the
infrastructure provided trucks:
* reduced transit times,
e increased capacity (by increasing permitted truck size),
e decreased operating costs as road taxes remained about one-third lower than
required to cover the full costs large trucks imposed on the highway system.
(Gallamore, 1999)
In addition, many truck carriers, especially owner-operators could escape the Interstate
Commerce Commission "routes and rates" regulation (while common carriers could not) and
some of them were even improving their profitability by underpaying their labor and
defaulting on their equipment financing (Gallamore, 1999). Last but not least, the motor
carrier industry differs from the rail industry in that entry of new firms is relatively easy,
since firms only have to worry about equipment and operations, not about the right-of-way.
All of the carriers having access to all of the customers over the same highway system
heightens the competitive atmosphere and leads to more efficiency (Martland). Between
1950 and 1980, rail freight also faced severe competition from barges which were not
required to pay any user fees (before the Waterways Revenue act of 1978) and could
operate at very low costs on federally aided inland waterways.
During the same period, the products shipped changed significantly: products became
lighter (paper or plastic instead of glass and aluminum instead of steel), smaller (packaged
rather than bulk) and their value per pound increased such that it became more justifiable to
ship by truck than by rail. Even a commodity that depends heavily on rail such as coal, has
been partially replaced by oil or natural gas which can be moved by pipeline (Gallamore,
1999), in addition to being subject to severe competition on exports from Australia, South
Africa and Brazil.
2.3 Demand Patterns
The objectives of this section are to document the major changes that occurred in the type
of goods shipped by rail, to assess the contribution of each U.S. region to total traffic and to
identify the commodities that are carried mainly by rail rather than by competing modes.
In fact, and excluding the introduction of intermodal freight, the type of goods (not the
intrinsic properties mentioned above) that railroads handle now does not differ greatly from
that of 30 years ago. Nevertheless, the shares represented by these different types of
commodities have changed. Figure 2-8 shows the breakdown of freight tonnage by type of
commodity. The share of coal increased from 36% in 1981 to 45% in 2008 and that of
intermodal traffic accounted for 6% of total tonnage in 2008 2. The main consequence is that
2 The 1981 share of intermodal in tonnage is unavailable. However, we know that intermodal freight
represented the second traffic group after coal in terms of revenue carloads in 1982.
five categories of goods (coal, intermodal, chemicals, farm products, and food and kindred
products) represent 74% of total tons shipped in 2008. Analyzing the situation from a
revenue perspective, it appears that these same five categories account for 66% of total
revenues realized by the U.S freight rail industry in 2008 (Figure 2-9).
Fig. 2-8: Type of freight carried by rail (share in total tonnage)
1981 2008
* Coal
; Chemicals & Allied Shipments
3 %
i Farm Products
7% I Misc. Mixed (mostly ntermodal)
" Food & Kindred Products
Non-Metallic Minerals
* Metallic Ores
* Lumber & Wood Products
y Other
Source: Railroad Facts (1981 and 2008 editions)
Fig. 2-9: Type of freight carried by rail (share in total revenue)
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In terms of regional demand for rail, the top
of rail tons originated and terminated in the
ten states account
U.S (Table 2.2).
respectively for 64% and 52%
Table 2.2: Rail tons by origin and destination state (200
Rail tons originated by state
Rank State Tons (million) % of total
1 Wyoming 445,0 24%
2 West Virginia 114,5 6%
3 Illinois 106,6 6%
4 Texas 96,6 5%
5 Kentucky 86,1 5%
6 Minnesota 74,9 4%
7 California 63,8 4%
8 Ohio 61,5 3%
9 Pennsylvania 56,6 3%
10 Indiana 50,3 3%
1155,9 64%
Source: AAR, 2008 STB Waybill Sample
8)
Rail tons terminated by state
Rank State Tons (million) % oftotal
1 Texas 210,2 11%
2 Illinois 155,8 8%
3 California 100,8 5%
4 Ohio 86,6 5%
5 Georgia 82,2 4%
6 Virginia 77,1 4%
7 Wisconsin 72,5 4%
8 Missouri 71,3 4%
9 Florida 69,1 4%
10 Pennsylvania 66,7 4%
992,3 52%
Four states (Wyoming, Nebraska, Illinois, and Missouri) account for almost a quarter of the
U.S. freight rail traffic in tonnage (including originating, terminating, and passing through).
The map in Figure 2-10 shows that the Midwest Plains, the Great Lakes and the Southern
Central regions have most of the traffic, due to the nature of the local economic activity
(coal mining for example), but also because these regions are the network interchanges
between the major Class I railroads operating in the west (BNSF and UP), and those
operating in the east (CSX and NS).
Figure 2-11 shows, for each type of commodity traded in the U.S., the share in tonnage of
each of the transportation modes that ship it. It appears that with the exception of coal
which is shipped mainly by rail (72%), most of the other commodities are transported mainly
by truck (the case of metallic ores and concentrates can be ignored as they represent only
0.6% of total traffic tonnage). What is surprising is that trucks are even serious competitors
to pipelines for commodities that one may think of as pipeline-captive such as gasoline and
fuel oils.
Fig. 2-10: Rail tons carried by state, 2008
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Fig. 2-11: Mode split by commodity
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Since coal is a strategic commodity for the freight rail industry, it deserves some attention.
In the U.S., coal is produced in three major areas: the Appalachian region (Pennsylvania,
Maryland, Virginia, Tennessee, Alabama, Ohio), the Interior region (Illinois, Indiana,
Missouri, Texas, and Kentucky) and the Western region (Wyoming, Utah, Montana,
Colorado, North Dakota, and Arizona). Most of the Western coal originates in the Powder
River Basin (PRB) of northeast Wyoming and southeast Montana and enjoys low sulfur
content. Its consumption has surged due to increasingly-strict clean air laws. This increase in
the consumption of PRB coal helped the rail share in coal transportation increase as
production sites moved westward, away from the major electricity generation plants.
Indeed, coal is the leading fuel used in U.S electricity generation with a share of 45%, even
though it has been declining during the past decade as most of the newly built power plants
have opted for natural gas. Another illustration of the relationship between electricity
generation and coal transport is the fact that coal traffic fell by 16.1% in 2009 compared to
2008, because of the reduced demand for electricity due to the poor economy, a cooler-
than-usual summer in areas that rely heavily on coal-generated electricity, fuel efficiencies in
electricity generation, and finally a tremendously decreasing delivered price of natural gas to
power plants (AAR, Railroads and Coal, 2010).
2.4 Rates and Profitability
After the series of bankruptcies that were faced by railroads in the late 70s, lawmakers
enacted deregulation in an attempt to remove the constraints on price, allowing railroads to
increase (in theory) their rates and, thus, to improve their profitability (see Regulation &
Deregulation section). One of the major concerns with deregulation at that time was the risk
of prices going too high and producing bad consequences on freight rail customers and on
the economy in general. What happened, and that was probably exacerbated by industry
consolidation, was the complete opposite. Indeed, the increasing competition among
railroads forced prices down to record low levels, as shown in Figure 2-12:
cent per ton-mile Fig. 2-12: U.S freight revenue per ton-mile
4.5
4.0 -%
- Current M
-Constant
19950M
(using a
GDP
deflator)
L(n Lo r_1 00 M 0 N-4  1m 0 W r~. W0 M 0 N 4 c'j m W L r) W M-0
Source: RR Facts 1996, Bureau of Transportation Stat., Bureau of Economic Analysis
In current cents, the revenue per ton-mile decreased from 3.04 cents in 1985 to 2.24 cents in
2001, i.e. a decline of 26%. But if we remove the effect of inflation, the real decline is 50%
when computed in constant 1995 cents. After 2001, rail freight rates exhibited a positive
trend, increasing by 34% between 2001 and 2009, with a peak at 3.34 cents per ton-mile in
2008. This increase is only 11% when computed in real cents. The same trends are observed
in the evolution of revenues per ton originated, with inflation attenuating the fall of rates
and accentuating their rise.
Analyzing the evolution of the Net Railway Operating Income (NROI) in constant dollars, we
notice that it has been decreasing since mid-1960s and it is only in 1996, after 30 years, that
it again reached its historical peak level of 1966. Again, the seven years that followed show a
decrease, but an important rise occurred between 2004 and 2008, as the NROI almost
doubled during this 4-year period (Figure 2-13).
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Fig. 2-13: U.S Net Railway Operating Income (NROI)
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The NROI evolution can be explained by the fact that this metric is the difference between
operating revenues, depending directly on prices, and operating costs. When prices increase
faster than costs, the industry records an increase in its NROI and the opposite happens
when costs rise faster than rates.
In a study about productivity and prices covering the period from 1965 to 1995, Martland
stated that "...in the period between 1965 and 1978, the price index increased by 220%, but
the cost index rose by just over 300% leading to a drop of 86% in the NROI computed in
constant 1985 dollars. From 1978 to 1983, a period of rapid inflation in the country and of
great public concern about the rail industry, prices actually rose faster than costs. The ratio
of the price index to the cost index rose from 0.89 to 0.94 during this period of highly
focused attention on the rail industry. It is no coincidence that this was the period when the
industry's NROI rebounded. After 1983, costs continued to rise, albeit less rapidly, but prices
began to fall and the ratio of prices to costs declined precipitously" (Martland, 1997).
The rate of fall of the price index slowed after 1998 leading to a relative stabilization of the
NROI until 2004, the year in which prices started to increase (for the first time since 1983)
and with them the NROI (Figure 2-14).
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Fig. 2-14: U.S. freight rail price and cost index evolution
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Another interesting indicator is the Return on Investment (ROI) of the industry, which is
defined as the ratio of the NROI to the Investment in Transportation Property (track and
equipment). The ROI has been improving overall since the middle of the 70s, stimulated in
part by industry consolidation, network rationalization, the abandonment of unprofitable
lines and economies gained from the use of new technologies (see the following sections).
Figure 2-15 shows that from 1.2% in 1975, the ROI of the rail industry rose to 10.7% in 2008:
Fig. 2-15: U.S freight rail industry Return On Investment (ratio of NROI to net
investment in transportation property)
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2.5 Labor and Unions
The freight rail industry is one of the most heavily unionized industries in the US. In 2008,
almost 82% of railroad employees (85% in Class I railroads and 60% in others) were affiliated
with one of the major unions: United Transportation Union, Transportation Trades
Department, Brotherhood of Locomotive Engineers and Trainmen, Brotherhood of
Maintenance of Way Employees, Brotherhood of Railroad Signalmen (AAR, Railroad
Collective Bargaining Process, 2010). Union activity is subject to the Railway Labor Act of
1926 that seeks to substitute bargaining, arbitration and mediation for strikes as a means of
resolving labor disputes.
During the period from 1980 to 1995 major changes in labor policy have occurred:
* Until the early 90s, all trains were required to operate with "full crews" of four
trainmen, while two (as is the case since then) would have been adequate. According
to Martland, the average train and engine (T&E) employees per 10,000 train-miles
dropped from 2.75 in 1983 to 1.39 in 1995, as a result of the crew consist reduction
and the increase in the number of miles train crews could travel without incurring
overtime pay. These improvements led to a rail industry benefit of nearly $5 billion
per year by 1995 (Martland, 2005).
* Important reductions have been made in the number of clerical workers and
managers who used to represent a significant portion of the unionized labor force.
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Fig. 2-17: Breakdown of Class I railroad employees by category
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Figure 2-16 shows the important decrease in the freight rail industry's labor force, especially
between 1980 and 1995 as the number of employees in Class I railroads dropped from
almost 459,000 employees in 1980 to around 188,200 in 1995, i.e. a decrease of 59%.
In Figure 2-17, we notice the progressive increase in the percentage of operational workers
at the expense of administrative and clerical staff.
" Trainmen used to be paid for a full day's work for 100 miles of travel, even if that
entailed no more than two hours' work (Keeler, 1983) and crews received payment
for time spent away from their home terminal (Gallamore, 1999).
* Some costly3 labor protection measures existed: "For example, when two railroads
wish to merge, they often make concessions to get the backing of labor in regulatory
proceedings for the merger. For instance, the Penn Central agreed that if any worker
of the parent lines was laid off as a result of the merger, that worker would be paid at
full-time rates, complete with wage increases and fringe benefits, to the age of sixty-
five" (Keeler, 1983).
Even if some of these constraints have been alleviated, freight railroading is still among U.S.
highest-paying industries: according to the Bureau of Transportation Statistics (BTS), a
freight rail worker was paid 52% more than the American average industry worker in 2008
($77,891 vs. $51,187), and 63% more than the average worker in the transportation
industry.
3 This point is controversial as some might argue that labor protection measures, which were instituted before
the PC merger, allowed the railroads to capture the benefits of mergers while reducing the workforce only
through attrition. Indeed, attrition was on the order of 4-5% per year, so it was possible to make a significant
reduction in the work force within a span of 5-10 years.
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Figure 2-18 shows annual wages of freight rail employees based on their professional
category. And looking back into the past, it appears that the relative difference between
these categories has barely changed through the previous 3 decades:
Fig. 2-18: Class I railroad wages (per employee) by employee category in 2008
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It is also interesting to look at the average employee wages which have increased by more
than 400% between 1973 and 2008 when expressed in current dollars, and by about 38%
when computed in (1995) constant dollars (Figure 2-19). If this has an implication, it is
probably on the productivity of labor as will be discussed in the next chapter.
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2.6 Technology and Innovation
2.6.1 Track and locomotives
In the early 1980s, the U.S. freight rail industry recorded an increase in the use of "improved
steel in rails and turnouts, the introduction of concrete cross-ties, and changes in
maintenance techniques related to these stronger track materials" (Gallamore, 1999). This
was partly motivated by "the increase in line densities and the desire to operate heavier
trains for added throughput capacity. Freight cars, long limited to 263,000 pounds gross
weight on rail interchange service, now are routinely loaded to 286,000 pounds, and
occasionally to 315,000 pounds gross weight" (Gallamore, 1999).
Changes in track technology and maintenance improvements have led to a greater average
rail service life: "main line rail that would be scheduled for replacement after about 750
million gross ton-miles per mile of wear in the 1980s now (ed. in late 1990s) may last for 1.7
billion gross ton-miles before being cascaded into secondary lines or yard track" (Gallamore,
1999).
A direct implication of more resistant and better-maintained track concerns safety that has
been improved, as the number of reported derailments decreased by more than two thirds
between 1980 and 1997 (Gallamore, 1999) (see Cost Structure, Maintenance and Safety
section).
As a consequence of the industry consolidation and changes in regulation that allowed Class
I railroads to abandon unprofitable lines completely or in favor of non-Class I railroads (see
Regulation & Deregulation section), the number of miles of track owned by U.S railroads
decreased by 50% between 1965 and 2008 (Figure 2-20), reaching the smallest network size
ever recorded in the industry since the beginning of the 20th century:
Miles of track Fig. 2-20: Miles of track owned by U.S railroads
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According to the same source, the other "transportation property" rubric that recorded
noticeable improvements is locomotive technology. Starting from the 1980s and in need of
more capacity, railroads became willing to "purchase more reliable (and more expensive)
locomotives to avoid power shortages on heavy trains moving back to back over a single
line....These advances include significantly improved fuel economy (ed. see chapter 3),
alternating current traction motors (which achieve better adhesion and hence more tractive
effort per unit of horsepower), a more comfortable ride for the crew, and improved
monitoring of the locomotive's mechanical health for use in scheduling a replacement unit at
the major depot or longer-term maintenance at the locomotive's home shop" (Gallamore,
1999).
The general trend in the industry's locomotive fleet is to replacement with newer models as
shown in Figure 2-21. Indeed, the share of locomotives less than 10 years old increased from
29% in 1990 to 42% in 2005:
Fig. 2-21: Class I locomotive fleet by age
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Overall, the number of locomotives in service in the U.S has decreased from more than
57,000 in 1929 (the golden age of railroads) to 29,031 in 1960 and to 22,548 in 1985 (Figure
2-22), as many locomotives at the end of life were not replaced, largely as a result of the
reduction in network size mentioned earlier.
Nevertheless and since 2001, it appears that more investments have been made in new
locomotives as their number reached 24,003 in 2008, a high over the last two decades.
Fig. 2-22: U.S. rail industry: number of locomotives in service
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2.6.2 Computerization
The advent of computers beginning in the 1980s has significantly changed the way railroads
operate, both at the tactical and the strategic levels. Analyzing the impact of
computerization on the industry requires looking back to how railroads operated before the
emergence of these new technologies. The following is mainly extracted from a 2003 study
by Messner "Trends in the U.S. Freight Rail Industry". He based his work partly on interviews
with railroaders and on the book "The Railroad: What it is, What it does" by Armstrong, J.H?
1998:
On the tactical (operational) side, "the first modern method of train operation was through
timetables. To avoid collisions between trains along single track, meeting points were
established at points where there were sidings" and were assigned meeting times: a train
could not depart until "met" by the second train scheduled at the same time at the same
meeting point. However, this method presented the inconvenience that a single train delay
systematically causes the delay of trains moving towards it and of all trains along the route.
"Timetabling was too inflexible for efficient operations". It is only after the advent of the
telegraph that train dispatchers became able to issue train orders and other messages in
order to change the meeting points. "Timetable and Train Order operation (T&TO) became
the standard operating method for carriers".
In parallel and on the signaling side, network electrification and the emergence of more
reliable electrical and microprocessor technology, made it possible to interlock rails
electrically while, before, the interlocking was done manually by dispatchers who had to
"throw sizeable levers to change the status of the signals". Electrical interlocking, because it
can be operated from a distant location, opened the way for what is called Centralized
Traffic Control (CTC) and major railroads built command centers where dispatchers were
grouped and could activate switches on large electrical panels.
Computers soon after replaced the solid-state panels and could calculate meeting points,
recommend signal pathways to the dispatchers and later, open and close signal switches
automatically. This began the era of Computer-Aided Dispatching or CAD and "these new
tools increased the amount of territory one dispatcher could control, allowing the command
centers to increase in size".
Nevertheless and because of the high cost of electrification, it is only "cost effective to
implement CTC and CAD on about half of the U.S. trackage". The rest of the track was hence
operated through T&TO up to the mid-1980s, before the standard operating procedure
became the Track Warrant Control (TWC), under which a train crew is not allowed to "cross
a particular milepost, switch, or designated point along the track", without receiving a "track
warrant" over a precise distance. TWC relied first on portable radios as a means of
communication between dispatchers and train crews, but the need for clear, precise and
standardized instructions' exchange (which verbal communication could not always ensure),
forced the emergence of the Electronic Authority Exchange (EAX) under which on-train
computers, directly linked to dispatching centers, could receive and send orders digitally.
Not only did computers change the lives of tactical dispatchers but they also had a significant
impact on those of planners, managers and customers. Computers contributed in
formulating plans and even optimizing them within set environments. They helped improve
the accounting function which is vital when a given railroad has to pay another for the use of
its track.
"Up to until a few years ago, customers could not track individual shipments themselves and
had to rely mainly on the expectations of marketing. However, with phone-based and now
Internet-based customer service features, shippers themselves can measure the adherence
of their own internal plan. This allows the railroads themselves to more efficiently integrate
into the supply chains of their customers, by providing more realistic expectations of
service...By combining the asset-management tools, the schedule models, and the profit
recognition systems, carriers became able to see how a change in one area would affect the
others. Rather than to deal with each area independently, the co-operability of computer
systems allowed for greater control of the impact of scheduling on profit" (Messner, 2003).
Finally, computers helped reduce the organizational gap between tactical and strategic staff,
making the role of middle managers (who were in fact not involved in railroads' core
business) less important. The same phenomenon has occurred with clerical employees who
have been partially replaced by computers and saw their number decrease drastically as
shown previously.
2.6.3 Rail intermodal and Containerization
Rail intermodal is the long-haul movement of shipping containers or truck trailers by rail,
combined with a, usually much shorter, truck movement at one or both ends (AAR, Rail
Intermodal keeps America moving, 2010).
Using containers in the freight rail industry is a concept that was borrowed from the marine
industry and proved to be very efficient for long distance shipments. Transferring
international containers from ocean freighters and transporting them to their final
destination through what is known as the Double-Stack container train service (DST), which
consists in stacking containers two-high on rail flatcars, offers many advantages in
comparison with the long-haul truck shipment. However, for this solution to be really cost
effective and competitive there should be a possibility of backhauling domestic products in
the emptied containers that once have brought import goods to the domestic market
(Gallamore, 1999).
Rail intermodal is the highest growth freight category in the past two decades, as the
number of trailers and containers increased from 3 million in 1980 to more than 12 million in
2006 (+400%). Nevertheless, a decline has been observed starting in 2007 (due in part to the
economic recession); in line with the overall decline in the U.S. freight rail traffic (Figure 2-
23). In less than twenty years, rail intermodal has become the second largest of all the
freight categories, just behind coal.
Fig. 2-23:
U.S. Rail Intermodal Traffic: 1980-2009
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The success of rail intermodal is due to many factors:
* It can transport a wide variety of goods with improved safety during handling and
transportation phases
* It provides large economies of fuel, as railroads are four times more fuel efficient
than trucks
e Overall, the cost of the total shipment is reduced.
* It is more environmentally friendly, as moving freight by rail instead of truck reduces
greenhouse gas emissions by 75%
* It reduces the congestion on road, as a freight train can move as much as 280 or
more trucks, which is the equivalent of more than 1,100 cars. Less trucks on the
highways also mean longer road life-cycles and, thus, reduced maintenance and
rebuilding expenditures
(AAR, Rail Intermodal keeps America moving, 2010).
2.7 Cost Structure, Maintenance and Safety
Railroad operating expenses can be divided into four major categories: labor compensation
& benefits, fuel, depreciation, and finally equipment, materials & other, defined as follows:
e Labor compensation & benefits include wages, payroll taxes, health and welfare
costs, pension costs, other post-retirement benefits, and incentive costs.
* Fuel includes locomotive fuel and gasoline for highway and non-highway vehicles and
heavy equipment.
" Depreciation relates mainly to track structure, including rail, ties and other track
material.
" Equipment, Materials & Other is a large category including equipment rentals (when
the railroad pays for freight cars owned by other railroads or private companies);
freight car intermodal and locomotive leases; the costs of services purchased from
outside contractors; materials used to maintain the lines, structure and equipment;
costs of operating joint facilities; trucking and contracting costs for intermodal
containers; personal injury; freight and property damage; insurance; leased
automobile expenses; tools and supplies; etc.
Figure 2-24 shows the breakdown of operating expenses for the four major Class I railroads,
obtained from their 2009 annual reports, and also for a representative short line railroad
(Genesee & Wyoming Railroad). It appears that on average, the two categories "labor" and
"equipment & materials" each represent about one third of Class I railroads' operating
expenses, while the remaining third is composed of "fuel" at 17% and "depreciation" at 14%.
Going into more detail, we can see that the expenses' breakdown of the two largest
railroads, BNSF and Union Pacific, is slightly different from that of CSX or Norfolk Southern
which are about half their size.
Indeed, both "labor" and "equipment & materials" costs represent less significant portions in
the cost structure of very large railroads in comparison with smaller railroads; while, at the
opposite end, the "fuel" costs are more important. This trend is confirmed by the cost
breakdown of the short line railroad as shown below. Based on this limited railroad sample,
it turns out a priori that the smaller a railroad, the more it uses rental equipment and
materials, transferring fuel and depreciation costs to the leasing company, and labor
expenses represent a greater share of its total cost.
" Equipment, materials,
purchased services and
rents
" Depreciation &
Amortization
* Fuel
* Labor compensation
and benefits
Source: Class I railroads financial statements
The Railroad Cost Recovery Index measures railroad inflation in much the same manner as
the Producer and Consumer Price Indexes measure inflation in the national economy- that is,
it measures the changes in the price levels of inputs to railroad operations such as "labor",
"fuel" and "materials & supplies". Figure 2-25 shows that railroad compounded costs have
increased by a factor of 3 between 1981 and 2008, with labor cost increasing by almost
250% and materials & supplies by 150%. Only fuel cost has been fluctuating in accordance
with the global oil market trends.
Fig. 2-25: Railroad Cost Recovery Index by category of expenses (1981=100)
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Fig. 2-24: Breakdown of Operating Expenses for major Class I railroads (2009)
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Maintenance of way (MOW) expenditures are somewhat different from "pure" operating
expenses in the sense that some of these are shown in the "equipment, materials & other"
category, some in "depreciation" category, and others among capital expenditures that are
not listed as operating expenses.
However, a study by Chapman and Martland in 1996 showed that MOW expenditures
"increased only 6% in constant dollars from the mid-1960s to the mid-1990s, despite a 73%
increase in revenue ton-miles and an increase of 31% in average axle loads. The MOW
expense per 1000 GTM declined 28% in real terms over this period, with all of the decline
coming after 1986". The generated productivity savings were attributed to economies of
density, track technology, network rationalization, and equipment productivity (Martland,
1997).
This gain in productivity is confirmed by the fact that the number of employees working in
the "MOW and Structure" category decreased from 82,000 to 40,000 (-51%) between 1973
and 1995, while revenue ton-miles increased by 53% during the same period. This trend
continued over the next decade, although at a slower pace (Martland, 2005).
Improved maintenance, combined with better management and a broader use of more
advanced technology has led to systematic improvements in safety. Indeed, the number of
train accidents decreased dramatically from 8,205 in 1980 to 3,275 five years later and then
to 1,850 in 2009 after a period of slight increases between 1998 and 2007 (Figure 2-26):
Fig. 2-26: Train accidents
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2.8 Regulation & Deregulation
2.8.1 The period before 1950
The U.S. railroad industry started around 1830, and from that time until the mid-1880s,
railroads were obliged by common law to serve all shippers desiring service and were
constrained to charge "reasonable" rates. States were in charge of applying the formal
regulation and the role of the federal government consisted in no more than providing land
for rights of way.
Under the pressure of both shippers wanting to prevent potential abuses of market power
by railroads and carriers seeking more stability in prices and profits, the federal government
passed the Interstate Commerce Act in 1887, establishing the Interstate Commerce
Commission with the initial mission of:
e Providing for fair and just railroad rates
e Eliminating price discrimination
e Eliminating short haul rates in excess of long haul rates
* Requiring that rates be published
While the ICC was first constrained by court decisions, it saw its ability to set railroad rates
enhanced by the series of additional legislation in 1903 (the Elkins Act), 1906 (the Hepburn
Act) and in 1920 with the Mann-Elkins Act. A new step was taken in 1920 with the
Transportation Act (known also as Esch-Cummins Act) that granted the ICC not only the
power to help maintain adequate rates of return and stabilize the financially weak railroads,
but also to control the entry of new railroads, regulate construction and abandonment of
lines, and prescribe minimum and maximum rates. Through this act, a fund was also
established to assist railroads in difficult financial situations.
In 1935, the Motor Carriers Act brought the trucking sector under the regulatory control of
the ICC, as did the Transportation Act of 1940 with water transportation (Laurits R.
Christensen Associates, Inc, 2009).
2.8.2 The period between 1950 and 1980
During the 1950s railroads were facing tough competition from trucks and (to a lesser
extent) barges, with severe negative impacts on their finances. It is in this context that the
Weeks Committee was appointed to address transportation issues and its conclusions, that
were made public in 1955, presented a prelude to the deregulation to come: the Weeks
Committee report promoted concepts such as a "...free enterprise system of dynamic
competition..." to "encourage and promote full competition between modes of
transportation..." and to "reduce economic regulation of the transportation system to the
minimum consistent with public interest..."
Ironically, the Transportation Act that followed three years after (in 1958) incorporated only
a few of the Weeks Committee recommendations and the regulatory practices of the ICC
were not impacted.
It was only after the announcement of Penn Central railroad bankruptcy, followed by other
Northeastern carriers, that the issue of railways' financial struggle became critical. The
Regional Rail Reorganization Act (the 3-R Act) of 1973 resulted in the creation of Conrail and
the abandonment of 3,000 miles of track. The Railroad Revitalization and Regulatory Reform
Act (the 4-R Act) of 1976 also came as a consolidation of the new deregulatory campaign,
allowing railroads to set rates where there was competition.
Then, the Staggers Rail Act was passed in 1980 and is considered the major "turning point"
event in the history of the U.S. railroad regulation. The Staggers Act brought or strengthened
the following measures:
* Allow railroads to base their rates on market demand and recognize their need to
earn adequate revenues
* Allow carriers and shippers to enter into confidential negotiated contracts
* Allow railroads to merge and benefit from economies of scale
* Allow Class I railroads to abandon unprofitable lines or to sell them to other non-
Class I railroads
Under the Staggers Act, shippers arguing that rates applied to them are excessive could seek
the arbitration of the regulatory body when they were served by one carrier in a
monopolistic position and when this carriers' ratio of revenue to variable cost was found to
exceed 180% (L.R. Christensen, 2009).
2.8.3 The period after 1980 (the post Staggers Act)
In 1995, the ICC Termination Act was passed, abolishing the ICC and assigning the regulatory
authority for railroads to the Surface Transportation Board (STB) (see section 2-1), with the
same focus on promoting revenue adequacy, allowing flexibility in setting rail rates, and
protecting shippers from the exercise of market power by railroads (L.R. Christensen, 2009).
The period following the Staggers Act resulted in several industry changes (some of them not
expected) including:
e The decrease in rail rates as a result of enhanced competition among railroads
* The pursuance and even acceleration of the consolidations that started with Conrail
e The reduction of network size (about 40% fewer total track miles owned by railroads
between 1980 and 2008)
* The emergence of third party logistics providers (see next section)
* The confirmation of negotiated contracts as a common way of doing business
between shippers and carriers (see next section).
2.9 Changes in customer habits
Deregulation had a strong impact on the way shippers and carriers do business. Two
developments illustrate perfectly these changes in the freight rail customer habits: multiple
shipment options and third party logistics.
2.9.1 Multiple shipment options
Before deregulation, the only way shippers could transport their goods was through a tariff
system which is basically a first-come, first-served scenario. After deregulation, new
mechanisms have become as common as traditional tariff orders and aim to reduce the
equipment unavailability risk for shippers while lowering the equipment investment risk for
carriers. These new shipment options are: long-term guaranteed freight, short-term
guaranteed freight and contracts.
Kimberly Vachal & John Bitzan performed a study in 2000 for the United States Department
of Agriculture and wrote the following:
"Tariff orders allow shippers to place orders directly with the railroad. No guarantee is
offered by the railroad for fulfilling the orders. If an order is accepted, it is filled based on
fleet supply and demand conditions. Shippers may be penalized for cancellation of tariff
orders.
Long-term guaranteed freight service typically involves a freight contract for a one- to three-
year period. Long-term service such as the Burlington Northern Santa Fe SWAP cars or Union
Pacific Pool cars, are privately-owned or leased cars that have been added to the general
railroad fleet through some type of equipment/service exchange between the car
owner/lessor and the rail carrier. With these programs, risk is shared through an
equipment/service exchange agreement. For example, company A may place 100 cars into
the general fleet of a railroad. In exchange, company A will receive 110 cars per month of
guaranteed freight service. These agreements allow the railroad flexibility in fleet sizing,
allow railroads a method for gaining traffic commitment from customers, and provide the
shipper with an alternative that guarantees rail service. The service available with the
agreements may then be used by the owner/lessor (Company A) or sold to another shipper
(Company B). Typically, when these cars are marketed from one shipper to another, they are
done under a longer-term agreement, but may be sold as shorter-term freight in the
secondary freight market, depending on market conditions. For a longer-term agreement,
the purchasing shipper will agree to accept a specific number of cars each month for the
length of the contract. The purchasing shipper (Company B) typically pays a per-car premium
to the owner/lessor (Company A) for this freight, because the service is guaranteed. The
applicable freight charge for Company B is equal to the tariff rates plus or minus the market
established, depending on the service purchased. The tariff portion of the rate is paid to the
rail carrier, and the premium or discount is absorbed by the owner/lessor (Company A).
Shipper cancellation and carrier non-delivery both are penalized for this freight type.
Short-term freight includes railroad "auction" programs and the secondary rail freight
market. Railroad auction programs were initiated in the mid-1980s with the BNSF Certificate
of Transportation (COT) program. Other railroads have since developed similar programs.
With this program the railroad holds periodic (e.g. weekly, monthly) electronic auctions in
which they accept bids from shippers for future service. The bid floor typically is equal to the
tariff rate. The applicable freight rate is then equal to the tariff rate plus any premium (or
minus any discount), with the entire amount paid to the rail carrier. With these bids,
shippers guarantee service for a single shipment or multiple shipments (e.g. BNSF Shuttle
COT), with penalties applied for non-performance by either the shipper or carrier. Service
may be purchased up to six months in advance depending on carrier. This freight typically is
transferrable between shippers although railroad defined corridors/routes may limit this
flexibility" (Vachal & Bitzan, 2000).
The fourth and last shipment mechanism is contract, but due to the expanded disclosure
requirements implemented in mid-1980s, many shippers and carriers abandoned the use of
this type of service in favor of the others (Vachal & Bitzan, 2000). Indeed, the terms of
guaranteed freight agreements are not made public and this is the main reason why few
statistics are available regarding the portion of traffic moved through these types of
agreements. However, they represent more than 50% of traffic according to R.E. Gallamore
(and some like the U.S. Government Accountability Office have estimated a portion of 70%
in 1997), but the general trend is towards shorter agreements in order to reduce the risk
from market fluctuations and towards more tariff orders, as some coal and agricultural
movements have simply shifted to common-carrier rates (Congressional Budget Office).
2.9.2 Third-party logistics
Commonly, a third-party logistics provider (or 3PL) is defined as "a firm that provides
multiple logistics services for use by customers. Preferably, these services are integrated or
"bundled" together by the provider. Among the services 3PLs provide are transportation,
warehousing, cross-docking, inventory management, packaging, and freight forwarding"
(The Council of Supply Chain Management Professionals).
Basically, the way third-party logistics firms operate in any transportation industry is by
analyzing the shipper distribution patterns and logistics costs, then using software to
determine the lowest-cost routes and the carriers with the lowest rates. Cost savings are
mainly achieved by 3PLs through leveraging the volumes of all their clients to obtain
discounts from carriers.
By this mechanism, small shippers that may not be able to get railroads to compete intensely
for their traffic may improve their bargaining position through using the services of 3PL
firms. It should not be surprising that most of 3PLs' clients are often short line and regional
railroads rather than Class I railroads (Winston, 2010).
Evidence of the increasing importance of these players is the growth in 3PL industry
revenue, which has increased by a factor of 4 between 1996 and 2008 (Figure 2-27):
Fig. 2-27: Gross Revenues of the U.S 3PL Providers Industry
140
120 -
100
80
60
40 4
20
0
en en o
Soue A & cit, 00) 0) a) 0 0
Source: Armstrong & Associates, Inc. 2009
..........................
2.10 Conclusion and Observations
The following observations and conclusions can be drawn from this review of the freight rail
industry:
* U.S freight rail is a highly concentrated industry, with two duopolies accounting for
90% of the total traffic. This concentration is the result of many mergers that started
in the mid-1970s, due to railroads' financial difficulties.
" Despite facing tough competition from trucks (and from barges to a lesser extent)
since the 1950s, freight rail traffic expressed in revenue ton-miles has increased at an
average annual growth rate of 2.5% between 1980 and 2007. Railroads have the
highest share among transportation modes in terms of ton-miles (40%), but trucks
haul more gross tonnage and have higher value of goods transported.
e Five categories of goods (coal, intermodal, chemicals, farm products, and food)
account for 74% of total tons shipped by rail and generate 66% of industry revenues.
The traffic is concentrated in the central corridor and while coal is mainly shipped by
rail, the largest share of all the other commodities is transported by truck.
* Deregulation has led to more competition among railroads and has resulted in a
decrease in rail freight rates attenuated by the effect of inflation. However, rates
finally began to recover between 2004 and 2008. In 1996, the industry's NROI
reached its historical peak of 1966 for the first time in 30 years, but fell during the
following 7 years. It was only in 2004 that the NROI took off, almost doubling
between 2004 and 2008. The industry's ROI has fluctuated but has recently
improved, reaching 10.7% in 2008.
e The freight rail industry is one of the U.S. most unionized industries with more than
85% of workers affiliated with a union. Nonetheless significant labor reductions have
been realized by railroads with the number of workers decreasing by 70% from 1973
to 2008, with most reductions within the management and clerical staff. The increase
in average wages, although real, is just above inflation levels.
e The size of the U.S. rail network has been cut in half since 1965, with railroads
abandoning unprofitable lines and further rationalizing their networks. On the
technological side, the locomotive fleet is younger overall, and computers have
radically changed the way rail professionals work both on the tactical and the
strategic levels. Rail intermodal is booming and containers' share in the volume and
value of freight rail shipments is increasing.
" Labor costs and equipment & materials costs each represent a third of railroad
expenditures, with the other third shared between fuel and depreciation. Overall,
maintenance and safety have been improving during the past 3 decades.
* Deregulation has allowed railroads to set their rates based on demand, to abandon
(or sell) unprofitable lines, to enter into negotiated contracts with carriers, and
allowed them to use the services of third-party logistics providers.
Chapter 3: Productivity evolution in the past-30 years
In the first section of this chapter, productivity is defined along with the inputs and outputs
that are employed as components of productivity measures. A framework is developed with
the aim of facilitating the definition of such measures. Each of the following sections
presents a documentation of the evolution over the past 30 years of one dimension of
productivity (labor, fuel, infrastructure...etc.) and identifies the factors underlying this
evolution. At the end of the chapter, a framework summarizing the causal links between the
different dimensions of productivity and the impacting factors is presented.
3.1 Definition of Productivity and its Measures
3.1.1 Definition
The notion of productivity is frequently confounded with the related concepts of
performance, efficiency and effectiveness. The distinctions between these concepts are
important since strategic management plans are often expressed in terms of efficiency,
effectiveness, performance, and/or productivity objectives, resulting in a somewhat
confusing and even conflicting set of objectives.
Productivity can be defined as the ability to produce services or goods (outputs) using
production factors (inputs). Productivity is measured as the quantity of output per unit of
input; it is therefore a ratio.
Efficiency adds a comparative dimension to the notion of productivity. It describes "how
well" production factors are used to produce outputs. A process whose productivity has
been improved, has gained efficiency. The following example illustrates the difference
between the two notions: a worker completing a 2-hour task in 2 hours is productive, while a
worker achieving a 2-hour task in 1 hour is not only productive but also more efficient.
Effectiveness is different in the sense that it describes the ability of a process to produce a
desired result. Producing a commercial output and being unable to sell it is still productive,
possibly efficient, but surely not effective as the ultimate objective is to satisfy the customer.
Finally, performance is no more than the measure of a given output at a given time.
Since productivity has been defined as the ratio of an output to an input, the next step is to
identify the freight rail industry inputs and outputs and to organize them into a
comprehensive framework that facilitates the computation of productivity metrics.
3.1.2 Inputs
Freight rail inputs can be regrouped into four categories: labor, fuel, infrastructure, and
equipment. For each of these categories, this study focuses on one to three major inputs for
which reliable historical data are available and which could be useful for the productivity
assessment:
Labor: it was shown in the previous chapter that labor represents more than one third of
railroads' operating expenses, it is therefore one of the crucial inputs for the industry. The
obvious base unit for measuring labor is the employee-hour as it overcomes the issues of
the number of working hours per employee per day, and of full-time vs. part-time
employees; these issues being inherent to the use of the number of employees as a
measure of the labor input. To illustrate this point Figure 3-1 shows the variation of the
number of daily employee hours per employee. It should be noted that this indicator is
obtained by dividing the total employee-hours by the number of full-time employees, and
therefore results in high figures. However, when focusing on the trend only, it turns out that
in 2009 this indicator declined to the level of 1986, after a sustained increase that lasted
almost two decades and reached a peak in 2004.
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Nevertheless, when conducting analyses at the more detailed level of labor categories
(administrative, maintenance, operations...) this study uses the number of employees per
labor category, rather than the number of employee-hours, for reasons of data availability.
Another important input is total compensation that is obtained after dividing total current
compensation by the Railroad Labor Cost Recovery Index published by the Association of
American Railroads, to account for wage inflation.
Fuel: a strategic input for the freight rail industry, accounting for 15%-20% of railroads'
operating expenses (see chapter 2). This study uses the number of gallons of fuel consumed
as the reference input for the fuel category.
Infrastructure: this category includes in addition to the track; terminal buildings and stations,
signaling infrastructure, maintenance facilities, and storage sheds. Assuming that all
infrastructure-related inputs vary in proportion to track/route length, this study considers
only miles of track owned and/or miles of route owned as infrastructure input(s).
However, a possible way to account for the category's heterogeneity is to consider the input
of maintenance of way and structure expenditures (MOW), after adjustment using the
Railroad Material and Supplies Cost Recovery Index.
N.B: according to the AAR definition, "Miles of road owned is the aggregate length of
roadway, excluding yard tracks and sidings, and does not reflect the fact that a mile of road
may include two, three, or more parallel tracks. Miles of track owned includes multiple main
tracks, yard tracks and sidings".
Equipment: this category refers principally to the rolling stock, i.e. locomotives and freight
cars. The number of locomotives in service that is used in this study as an equipment input
includes long-haul and the (less powerful) switching locomotives. The number of freight cars
in service is also used both as a total and by type of freight car. Finally, in order to overcome
the issue of the diverse nature of the equipment when assessing this category's productivity,
maintenance of equipment expenditures (MOE) has been employed as an input, after an
adjustment using the same cost recovery index as for the infrastructure category.
During the development of this study, the question whether to consider capital as an
industry input arose. However, since capital resources generally take the form of
investments in the infrastructure and the equipment, we concluded that considering capital
as an input would lead to redundancy. Therefore, we assess the productivity of every dollar
invested in transportation facilities employing the net investment as an input, if only for the
instructive value of this measure. A similar reasoning can be followed for operating
expenses that, despite the fact that they include all the expenses related to labor
compensation, fuel, and infrastructure and equipment maintenance, it would be instructive
in the assessment of operations' productivity if total expenses were considered as a single
input.
It should be noted that in order to account for inflation, the current dollar net investment
and operating expenses have been divided respectively by the Federal Reserve Implicit Price
Deflator and the Railroad Cost Recovery Index.
3.1.3 Outputs
There are many industry outputs that can be used as numerators in productivity metrics, and
most of them are included in what is called in the industry jargon "Service Units". Some of
the most common service units are:
- Gross ton-miles (GTM): the sum of ton-miles handled, calculated using the total
weight of the trailing tonnage (both loaded and empty cars) of the trains moved. It
excludes the weight of the locomotives pulling the trains.
- Revenue ton-miles (RTM): the sum of ton-miles handled, calculated using the total
weight of the commodities in the cars of the trains moved. It excludes the ton-miles
involved in the movement of railway materials or any other non-revenue movement.
- Train-miles
- Locomotive-miles
- Car-miles
- Train-hours
- Locomotive-hours
- Carloads originated per type of freight
- Tonnage originated per type of freight
- Trailers and containers loaded
In addition to service units, there are other outputs such as:
- Freight revenues
- Operating revenues: including non-freight revenues such as fuel surcharges and
equipment rental to other railroads
- Number of accidents, injuries and illnesses
- Greenhouse gas and other exhaust emissions
- Net Railway Operating Income (NROI): it can be seen as an output even if it is the
difference between an output (operating revenues) and an input (operating
expenses)
3.1.4 Productivity Framework
Productivity metrics can now be derived from the listed inputs and outputs. It is useful to
construct a framework in order to make the task of defining the metrics more intuitive. The
framework that we will use in this study is largely inspired by the one developed by Gordon
J. Fielding for transit performance in his book "Managing Public Transit Strategically, A
Comprehensive Approach to Strengthening Service and Monitoring Performance". Jossey-
Bass Publishers, 1987.
The main characteristic of this framework is that it distinguishes between Service Outputs, or
what we will call "produced outputs", and Service Consumption, or what we will define as
"consumed outputs". For example, locomotive-miles can be considered a measure of
produced outputs, while revenue ton-miles are classified as consumed outputs. There is an
"effectiveness" relationship between the two and one might think that a consumed output is
actually the result of the effectiveness of one or many produced outputs.
In this adapted framework, the freight rail industry inputs, produced outputs, and consumed
outputs are placed at the vertices of a triangle, and productivity metrics can be derived by
dividing either a consumed output or a produced output by an input. On the other hand,
dividing a produced output by a consumed one will lead to an effectiveness metric.
It should be noted that consumed outputs do not always correspond to "desired" outputs.
This is the case for outputs such as accidents, injuries & illnesses, and emissions that are
obviously not desired but still considered in this study as consumed outputs because they
correspond to the final effect of other produced outputs (e.g. train-miles or locomotive-
hours).
Figure 3-2 presents the productivity framework with all the inputs and outputs that have
been listed previously.
Fig. 3-2: Productivity Framework
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N. B: it should be mentioned that Fielding's approach is slightly different in the sense that it
assumes an efficiency relationship between produced outputs and inputs.
3.1.5 Productivity Metrics
Using the framework above, it is possible to define a set of productivity metrics that can be
organized in categories and that will be analyzed over time in the following sections:
Labor:
- Revenue ton-miles / Employee-hours
- Revenue ton-miles / Number of employees by labor category
- Operating revenues (adjusted) / Total compensation (adjusted)
Fuel:
- Revenue ton-miles / gallons of fuel consumed
- Car-miles / gallons of fuel consumed
Infrastructure:
- Revenue ton-miles / Miles of track (route) owned
- Revenue ton-miles / MOW expenditures (adjusted)
Equipment:
- Revenue ton-miles / Number of locomotives in service
- Carloads / Number of freight cars in service by type of car
- Revenue ton-miles / MOE expenditures (adjusted)
Operations:
- Operating revenues (adjusted) / Operating expenses (adjusted)
Capital:
- Net railway Operating Income / Net investment = Return On Investment
- Revenue ton-miles / Net investment (adjusted)
Safety & Environment (rather indicators than productivity metrics):
- Accidents / Train-miles
- Injuries & Illnesses / Number of employees
- Exhaust emissions / RTM
Important: All the figures in the rest of the chapter are for Class I railroads only, unless
otherwise noted
3.2 Labor productivity
Labor productivity, expressed in terms of RTM per employee-hour (Figure 3-3), has increased
430% in the three decades between 1979 and 2009. This sustained increase was only
interrupted twice, between 1996 and 1998 when productivity stabilized for 2 years, and
after 2008 when a small drop was observed for the first time in 30 years.
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When expressed in terms of RTM per employee, labor productivity has also more than
quintupled in the past three decades; the rate of increase slowed between 1996 and 1998,
and the decrease after 2008 was preceded by 4 years of stability (Figure 3-4).
Fig. 3-4: million RTM per employee
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Three questions arise with respect to these results: 1) what has caused this significant
improvement in labor productivity during the past 30 years? 2) what happened between
52
1996 and 1998? and 3) what happened after 2004 that led to a decrease in labor
productivity for the first time in 30 years?
The overall improvement in labor productivity has to do, of course, both with the increase in
demand (leading to a higher numerator) but also to major changes in labor rules and staffing
in the freight rail industry. The reductions in crew consist, and the negotiation of new labor
agreements allowed the industry to reduce its number of employees from 483,000 in 1979
to 152,000 in 2009 (Class I RR only), without compromising the overall growth in traffic.
Furthermore, the progressive adoption by railroads of computers, starting from the 1980s,
resulted in the automation of several tasks that were previously labor intensive. For
example, both operational (e.g. train dispatch) and administrative functions (e.g. accounting)
became increasingly automated. Consequently, the advent of computers in the freight rail
industry contributed significantly to this 68% reduction in labor force.
Figure 3-5 displays the evolution of labor productivity by labor classification. It shows that
among all categories of employees, it is the professional and administrative staff whose
productivity has increased the most, confirming the impact of computerization on the
clerical functions.
Fig. 3-5: RTM per employee by category (1979=100)
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The labor productivity slowdown observed between 1996 and 1998, was due to traffic
losses, as the staffing levels continued to decrease. There is no clear explanation for this loss
of freight traffic, but many attribute it to the (rail) traffic congestion that accompanied the
mergers at that time (UP and BNSF forming), causing the partial diversion of rail customers
looking for more reliability, lower prices, and shorter time-to-market. Particularly bad
weather in these years are also cited for their negative impact on the production and hence
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the traffic of farm products'. Finally, others have suggested that the continuing industry
down-sizing that started in the mid-1970s had limited the railroads' ability to handle
additional traffic (Martland, 2005). This last theory is hard to confirm for the 1996-1998
period as the traffic resumed its growth after 1998 and with it the labor productivity.
On the other hand, the labor productivity slowdown after 2004 is probably due to a
combination of a slowing traffic (especially after 2006), as the result of higher rates and/or
limited capacity, and a changing trend in the evolution of the labor force size: for the first
time since 1979, the number of employees in Class I railroads stopped decreasing and
instead rose from 158,000 in 2004 to 164,000 in 2008 (+3.7%). However, what happened
after 2008 is exclusively attributable to the loss in traffic as the industry RTM fell by 13.8% in
only one year due to the major economic recession.
Another metric of interest is the operating revenues divided by labor compensation, after
adjustments using respectively the Federal Reserve Implicit Price Deflator and the RR Labor
Cost Recovery Index. It shows that while a dollar spent in labor compensation in 1979
generated $1.8 of operating revenues, productivity in 2009 increased by 192% to $5.25 of
revenue for $1 of labor cost. In Figure 3-6, the effect on compensation productivity of the
increase in rates after 2004 is clearly observable, as is the effect of the traffic loss that
occurred after 2008.
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3.3 Fuel productivity
Fuel productivity, expressed in terms of RTM or car-miles per gallon of fuel consumed, has
been steadily increasing since 1979 as the result of traffic growth and improvements in both
locomotive technology and traffic management techniques.
Indeed, research and development in the field of diesel-electric technology have led to
continual reductions in diesel engines' fuel consumption, made possible by the general
improvements in diesel technology (turbo compressors, improved injectors and lubricants,
low friction transmissions), but also by a series of more recent innovations such as:
- The new generation of hybrid locomotives that capture the energy dissipated during
braking and store it in batteries for re-use,
- Fuel monitoring systems that measure and report fuel levels and allow for real-time
fuel management,
- Start-stop systems that shut down idle diesel engines, while keeping them able to
restart on demand.
In addition to the advances achieved in locomotive technology, new management tools such
as trip optimizers have helped reduce railroads' fuel bills by reducing the number of
useless/unprofitable miles, just as Centralized Traffic Control and better signaling have
helped reduce the fuel-consuming train stops and slowdowns.
Fig. 3-7: RTM per gallon of fuel consumed
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Figure 3-7 above shows the evolution of fuel productivity for Class I railroads in terms of
RTM per gallon of fuel consumed. It appears that productivity has increased almost linearly
over the past three decades, but increased more sharply starting in 2006 which may
55
correspond to an acceleration in the pace of technological innovations (freight traffic
decreased by only 13.5% between 2006 and 2009, while fuel consumption decreased by
almost 24% during the same period).
Fuel productivity as the ratio of car-miles to gallons of fuel consumed shows the same trend
as above, albeit with a lower growth rate which is due less to the increase in freight car
capacity (as most of the improvements in car capacity happened prior to 1979), but rather to
the fact that the car-miles measure also includes non-revenue car-miles (Figure 3-8).
Fig. 3-8: Car-miles per gallon of fuel
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3.4 Infrastructure productivity
In the assessment of infrastructure productivity, the distinction between miles of route and
miles of track is not significant. Indeed, the average number of tracks per route did not
change significantly during the past 30 years, remaining in the range of 1.6-1.7.
As shown in the Figure 3-9, infrastructure productivity as the ratio of RTM to miles of track
owned increased by almost 190% in the past 30 years. It has generally followed the
evolution of the demand, especially during the past 15 years when network down-sizing
slowed in comparison with the previous 15 years. Indeed, the miles of track owned were
reduced by 34% between 1979 and 1994, and by only 12% between 1994 and 2009.
In addition to network "rationalization" (the use of this word is due to the fact that the
reduction in the network size was generally at the expense of the less profitable routes and
was accompanied by a more intelligent use of the remaining network), improvements in
track technology and better maintenance methods allowed for longer infrastructure life and
fewer traffic interruptions on portions of the network.
. . ..... . ..... ......................................
Fig. 3-9: RTM per mile of track owned (Thousand)
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The use of maintenance of way and structure expenditures (excluding labor) as an input for
the assessment of infrastructure productivity helps overcome the issue of track being only
one of the components of the infrastructure category. The productivity of each dollar spent
on maintenance of way and structure is shown in Figure 3-10 below4:
RTM/constant$
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Fig. 3-10: RTM per MOW expenditures excl. labor
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missing. Therefore, the figures have been interpolated and might differ from the real ones.
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3.5 Equipment productivity
As discussed earlier, this study focuses on locomotives and freight cars, as the main
categories of equipment. Locomotive productivity expressed in terms of RTM per locomotive
in service shows two different periods of evolution: the first period from the early 1980s to
mid-1990s when productivity increased by almost 150%, and the second period from mid-
1990s to 2008 during which productivity has been stable, just before a drop in 2009 (Figure
3-11).
Fig. 3-11: RTM per locomotive in service (Million)
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Source: Railroad Facts (various editions)
The large increase in locomotive productivity during the first half of this period is due to a
reduction in the number of locomotives in service (probably due to a non-renewal of units at
the end of life or their replacement by fewer but more powerful units) without affecting the
traffic growth. Maintaining traffic growth while reducing the number of locomotives, even
supported by the improvements in tractive technology, is evidence of the large productivity
gains that resulted from better management and equipment maintenance.
Consequently, the productivity stabilization during the second half of this period
corresponds to a phase where most of the productivity gains had already been captured and
where further traffic growth could not be achieved without an increase in the size of the
locomotive fleet. Nevertheless, the number of locomotives in service increased by 30%
between 1994 and 2008, while freight traffic increased by 48%.
The assessment of freight car productivity should take into account the fact that, under
negotiated contracts, Class I railroads operate larger numbers of freight cars provided by
shippers seeking to secure freight capacity. While railroad-owned freight cars used to
represent more than 71% of the total number of freight cars operated by Class I railroads in
1979, they accounted for no more than 30% in 2009 (AAR, 2010).
Hence, Figure 3-12 which shows the number of Class I originating carloads per freight car in
service, takes into account both railroad-owned and shipper-owned freight cars. It appears
that freight car productivity has not increased as significantly as the productivity of other
inputs such as labor, fuel, and infrastructure. Freight car productivity increased by 40%
between 1979 and 2009, with a peak in 2006 that was 2.1 times higher than the lowest value
in 1982.
Fig. 3-12: Carloads per freight car in service, Class I RR+private30.0
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As with locomotives, the freight car fleet (Class I RR + shippers and car companies) was
significantly reduced during the first half of this period: the number of freight cars in service
decreased from 1.6 million in 1979 to 1.1 million in 1994 (-31%). During the same period,
demand dropped by 23% between 1979 and 1982 but recovered steadily to regain its
original 1979 level in 1994. This essentially flat demand, coupled with the freight car fleet
reduction led to the observed improvement in productivity. The trend was reversed in the
following 12 years as demand took off while equipment down-sizing slowed down, allowing
for continued productivity growth. However, freight car productivity could not withstand the
sudden and significant traffic losses that occurred after 2006, and dropped by more than
20% in three years.
These improvements in car productivity can be attributed, as with locomotives, to better
equipment management (scheduling) and maintenance, but also to more efficient
loading/unloading operations, and to the use of unit trains. The latter consist of trains
composed of a single type of car, carrying one commodity and linking the same origin with
the same destination on a regular basis without making on-route stops or splits.
-- - - --_ 
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An interesting analysis would explore the differences in productivity improvements among
the various types of freight cars. Unfortunately, this study's main source of data is the AAR
annual publication "Railroad Facts", which provides the number of carloads per commodity
and the number of freight cars by type, without matching the commodity groups and car-
types (e.g. hoppers can carry two different commodities at unknown proportions such as
coal and metallic ores). However, another AAR database (CARSTAT.WK4) was provided that
includes the desired information for the period between 1982 and 2000 only.
Fig. 3-13: Carloads per freight car (per type)
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Figure 3-13 is constructed from the AAR CARSTAT database, showing that during the 1982 to
2000 period, only three categories of freight cars (flat intermodal, open hoppers, and
gondolas) were more productive than the Class I average, with a clear dominance of
intermodal flat cars with a productivity 3 to 4 times the average and an increase of 130% in
the 18-year period.
Lastly, one way to overcome the variety in equipment components when trying to measure
the overall productivity of this category is to use maintenance of equipment expenditures
(excluding labor) as an input. This provides a measure of the productivity of every dollar
spent in equipment maintenance as shown in Figure 3-14 below5:
s Data for MOE labor compensation relative to years from 1989 to 1992, 1994, 1996, 1997, 2008, and 2009 are
missing. Therefore, the figures have been interpolated and might differ from the real ones.
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3.6 Operations productivity
Railroads usually refer to the "operating ratio" as the ratio of operating expenses to
operating revenues. However, this financial measure does not match our definition of a
productivity metric (output/input) and, therefore, we will use the inverse of the operating
ratio to assess operations productivity. And because it accounts for all the sources of
revenues and all the cost items, the factors impacting this metric are all the ones identified
above as impacting the previous categories of metrics (labor, fuel, equipment, and
infrastructure), in addition to shipping rates and input prices as will be demonstrated in
more detail in the next chapter.
Figure 3-15 shows that operations productivity has been increasing nearly linearly during the
first 25 years of the study period, evolving from 0.93 in 1979 to 1.28 in 2004. The ratio
increased sharply between 2004 and 2008, reaching 1.8 in 2008, i.e. an increase of 40% in 4
years. This performance is due to the rise in shipping rates and to the improvements in the
productivity of all the inputs of the industry. The next chapter will show in which proportions
the individual improvements have impacted operations productivity. Finally, the drop since
2008 is to be attributed to traffic losses that occurred as a result of the severe economic
recession.
..... . .......   ... ..
Fig. 3-15: Operations productivity
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3.7 Capital productivity
The Return On Investment (ROI) is a financial measure of how well a company uses capital to
generate profits. It is therefore the ratio of an output to an input and can be seen as a capital
productivity measure. For railroads, the ROI is the ratio of the Net Railway Operating Income
(NROI) to the Net Investment in transportation property (infrastructure and equipment).
Figure 3-16 shows the evolution of the ROI during the past 30 years. If one ignores the
periodic fluctuations and focuses on the general trends as illustrated by the black trendline,
three trends emerge:
- a "divestment phase" from 1979 to 1991 where the ROI has increased as the result of
massive industry down-sizing (reductions in the equipment and the length of track),
and modest but overall improving results (in current dollars),
- an "investment phase" between 1992 and 2003 where the ROI has stabilized as
results kept improving but were accompanied by an increase in the investment,
partly in equipment acquisition and track modernization,
- a "profitability phase" from 2004 to 2009 where the investment maintained its
uptrend, but during which higher profits caused the ROI improvement.
.................... ..... ..............................................................
Fig. 3-16: Return On Investment
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Another metric of interest is RTM divided by the net investment (adjusted using the Federal
Reserve Implicit Price Deflator), which gives an idea of the "traffic equivalent" of every dollar
invested in a given year. It is interesting to note that after a decade of positive evolution
between mid-1980s and mid-1990s, the traffic-productivity of investment has decreased in
2009 to its 1979 level (Figure 3-17).
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Fig. 3-17: RTM per net investment (RTM/$)
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3.8 Improvements in safety and environmental impact
It would not be correct to present safety (or environmental) indicators as productivity
metrics even if they consist generally of an industry output divided by an input (e.g. the
number of accidents per train-mile). However, they deserve some attention, first because
the rail industry has always been very attentive to safety issues, and second because
environmental questions are currently of great importance. More than this, safety and
environmental policies that were perceived as costly are proving, as time goes by, that they
might become sources of profit (e.g. carbon credits).
3.8.1 Safety
Figure 3-18 shows the number of derailments and collisions per million train-miles excluding
grade crossing accidents.
Fig. 3-18: Train accidents per million train-miles, all RR including Amtrak
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The reductions that have been achieved in the number of train accidents and grade crossing
collisions (Figure 3-19) are attributable to a series of technology improvements and
measures including:
- Track and structure improvements (high performance steels, rail welding, fasteners,
flaw detectors...)
- Equipment improvements (heat treated wheels, roller bearings, acoustic detection
systems, air brake control valves and air brake tests...)
- Reductions in the number of unprotected track crossings and their replacement by
crossings equipped with gates or warning devices.
(AAR, U.S. Railroad Safety Statistics and Trends 1980-2010)
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Fig. 3-19: Grade crossing collisions, all RR including Amtrak
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Another area where significant improvements have been observed is that of rail employee
safety, as illustrated in Figure 3-20:
Fig. 3-20: Injuries & Illnesses per 100 FTE employees, All RR including Amtrak
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The credit for this goes to the multiple measures that have been implemented and programs
that have been established by railroads in order to reduce the employee casualty rate,
including:
- ------- - . ...... . ..... .  .. ..............
- Individual Railroad Employee Safety Programs
- Crew Resource Management
- Peer Observation Programs
- Fatigue Countermeasures
- Remote Control Operations
- Locomotive'Simulators
- Interactive Video Individual Training
- Operation Lifesaver
(AAR, U.S. Railroad Safety Statistics and Trends 1980-2010)
3.8.2 Environment
This study makes an attempt to measure locomotive exhaust emissions per RTM. The
starting point for this analysis is the U.S. emission standards for railway diesel locomotives
that define maximum emissions of HC, CO, NOx, and particulates per brake horsepower
hour, as a function of the locomotive year of manufacture. Separate standards are provided
for line-haul and switching locomotives. However, to accommodate data availability and
because we are measuring emissions per RTM, this study considered all locomotives as
operating over line-haul distances. The second assumption is that all locomotives comply
with the regulations on emissions.
Table 3-1 shows emission standards for line-haul locomotives, as established by the U.S
Environmental Protection Agency (EPA):
Table 3-1: Line-Haul Standards in g/bhph
Locomotive manufacturing year
Tier 0 (1973-2001) Tier 1 (2002-2004) Tier 2 (after 2005)
HC 1 0,55 0,3
CO 5 2,2 1,5
NOx 9,5 7,4 5,5
Particulates 0,6 0,45 0,2
Source: Environmental Protection Agency (EPA)
It should be noted that regulation of exhaust emissions for locomotives did not occur until
2000. This is why the analysis that follows addresses only the period from 2000 to 2008. The
other data that are available (for Class I railroads only) concern the age of locomotives, the
number of gallons of fuel consumed annually, and the total RTM. We converted the number
of gallons of fuel consumed into horsepower hours (which is a unit of energy) using the
relationships: 1gallon = 138,700Btu and 1hp.h = 2,545Btu. Then we multiplied the consumed
energy obtained by an engine efficiency ratio of 0.35 in order to get the energy delivered (at
the wheels) in brake horsepower hours. The annual energy delivered was then split over the
three locomotive tiers (age categories) in proportion to the number of locomotives existing
in each tier, and multiplied by the corresponding emission standard. Finally, total emissions
have been divided by the traffic to obtain the level of exhaust emissions per revenue ton-
mile.
Figure 3-21 shows the results of this analysis, and attests that the freight rail industry has
achieved reductions in exhaust emissions ranging from 20% to 27% between 2000 and 2008.
mg/RTM Fig. 3-21: Class I locomotive exhaust emissions
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3.9 Summary Framework
This chapter has identified a set of factors that are likely to have had significant impacts
during the past three decades on the productivity of the different inputs, and consequently
on the overall productivity.
Labor productivity has been impacted by labor incentives and computerization, while fuel
productivity benefited from improvements in locomotive technology and better
management. Both Infrastructure and equipment productivity have been affected by the
reduction in the industry size, improved maintenance and better management. Demand is
definitely an impacting factor that is common to the four productivity categories. At several
occasions in the previous sections, changes in productivity have been explained by increases
(or decreases) in demand. Furthermore, most of the metrics that we used have RTMs in their
numerator. Finally, operations productivity, as a measure of the industry's overall
productivity, depends on the productivity of the four categories of inputs, along with other
factors including shipping rates and input costs as will be demonstrated in the next chapter.
An intuitive way to present the causal links described above is the framework in Figure 3-22.
This tool is not specific to the freight rail industry, and linkages can be identified and
represented in a similar manner for any other transportation mode, making the task of
measuring the factor contributions easier to plan and to organize. The framework consists in
a tree and should be read from top to bottom, starting with the impacting factors, then the
productivity of the inputs, and ending with the operations productivity.
..... . .......  .............. .... 
Fig. 3-22: Summary of the factors impacting productivity
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3.10 Conclusion
Productivity in the freight rail industry has almost doubled in the past 30 years and all
categories of inputs have recorded significant improvements, with their productivity
increasing by rates ranging from 110% in the case of fuel to 430% in the case of labor.
Two frameworks have been presented in this chapter: one organizing the industry inputs
and outputs and facilitating the definition of productivity metrics, and the other
summarizing the results of the task that consisted in the identification of the factors
impacting productivity.
It should be mentioned that deregulation, as such, has not been considered as an impacting
factor. In fact, our analysis accounts for it implicitly through some of its direct consequences
such as network rationalization and the development of 3rd Party Logistics and negotiated
contracts, that both resulted in the reduction of shipping rates.
Chapter 4: Analytical assessment of the productivity improvements
The previous chapter has explained how the productivity of each of the main inputs was
impacted by a set of different (and we can assume largely independent) factors. The first
section of this chapter introduces a way to overcome the issue that some of these factors
are difficult to measure (e.g. signaling technology). The second section presents three
different methods to estimate the contribution of the impacting factors to the productivity
of the four inputs (labor, fuel, infrastructure, equipment), and the third section applies these
same three methods to the analysis of overall operations productivity. The chapter ends
with a comparison of the results obtained by the different methods.
4.1 Endogenous vs. exogenous factors
While the identification of the impacting factors was straightforward, there is no easy way to
quantify changes in factors such as "signaling technology" or "computerization".
Therefore, and instead of considering them separately, we group all the impacting factors
into two categories: endogenous and exogenous factors. The major factor treated as
exogenous is demand. While clearly demand is affected by prices as well as by the
competition, in this analysis demand is treated as outside the control of the railroads. The
use of endogenous factors on one hand (such as labor incentives and management
improvements), and exogenous factors (represented primarily by demand) on the other
hand, helps overcome the measurement issue and makes it possible to estimate the
breakdown of what has affected each of the four categories of productivity over the past 30
years.
If the following metrics are used to measure the productivity of the four inputs:
" RTM/employee hours for labor productivity,
* RTM/gallons of fuel for fuel productivity,
* RTM/MOW expenditures for infrastructure productivity,
e and RTM/MOE expenditures for equipment productivity.
then each has the (exogenous) demand component as the numerator, i.e. RTM, and a
component associated with one or several endogenous factors as the denominator (e.g.
number of employee hours for both labor incentives and computerization factors). In this
way, estimating factor contributions becomes an easier task.
4.2 Methods for estimating the contributions of endogenous and exogenous factors to
changes in the productivity of the inputs
Three different methods are considered in this research. Although the three methods each
attempt to estimate the contributions of the endogenous and exogenous factors to changes
in productivity, they each measure it in different ways and can be seen therefore as being
complementary rather than competing. Given the context of a specific application, in
general only one of these methods would be selected.
The literature review that preceded this study has focused exclusively on freight rail.
Therefore, we acknowledge that methods similar to the ones we developed especially for
the purpose of this research might have been already developed in the context of a
transportation mode other than rail. Indeed, analogies could be found for example with the
Total-Factor Productivity (TFP) approach which accounts for effects in total output not
caused by inputs and measures the long-term technological change of an industry.
4.2.1 The Total Change method
This method focuses on the starting and the ending years only, without accounting for the
productivity variations in between. The approach is quite simple and can be explained
through this illustrative example:
Assume a productivity metric M that is written as a function of two components A and B
(M=f(A,B), e.g. M=A/B). For this method we need to know the values of A and B in year 0, i.e.
Ao and BO; and their values in the final year Af and Bf. In order to estimate the isolated impact
of component B on M, we keep the other component (A) at its year-0 value and we calculate
Mf=f(AO,Bf). Then, we calculate the change in M due to B only as the change, in percentage,
from Mo=f(AO,Bo) to Mf. The same applies for component A. However, when calculated,
these changes won't necessarily (and in fact will almost never) sum to 100%. Another step
requires that we compare the changes to each other as follows:
If the change in M due to A only is 40% and 80% is due to B only (note that the sum is not
equal to 100%); then the impact of A is half the impact of B. We can therefore write:
impact(A)+impact(B)=100%
4 impact(A)+2*im pact(A)=100%
-*impact(A)=100% / 3 = 33.3%
4 impact(B)=66.7%
By applying this method we can estimate the isolated impacts of endogenous and exogenous
factors on the input productivity metrics as shown in Figure 4.1. With this method, over the
past 30 years almost three quarters of labor productivity gains were due to factors that are
internal to the industry (labor incentives and computerization that led to labor force
reductions), while demand growth has played a much less important role. The opposite
happened in the case of fuel whose productivity has been driven mainly by demand growth.
Finally, the situation has been quite balanced in the case of infrastructure and equipment.
Fig. 4-1: Contributions of endogenous and exogenous factors to productivity -
Total Change method
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4.2.2 The Average Annual Change method
A drawback to the Total Change method is that it ignores the productivity variations that
occurred between the first and the last years of the study. While it might be effective in
assessing how the impacting factors contributed to changing the productivity from the initial
level to the final one. A shortcoming is that the results can vary dramatically between two
successive years. A good example of this is the drop in productivity 2008 as a consequence of
the decrease in demand associated with the economic recession. Applying the Total Change
method between 1979 and 2008 will give very different results (in terms of factor
contributions) than that obtained with the same method between 1979 and 2009.
A way to overcome this issue is to use what we have called the Average Annual Change
method. It consists simply of applying the Total Change method but this time to each pair of
successive years instead of the first and the last years only:
Again, to estimate the isolated impact of component B on M=f(A,B), we keep A at its year-0
value and we calculate Mi=f(AO,Bi) for every year i>0. Then we calculate the annual changes
in M by Ai=Mi+/Mi-1. The change in M due to B only is therefore the average of the Als over
the entire period of the study. The same steps are followed to estimate the change in M due
to A only, and the final impacts of components A and B are obtained (as for the Total Change
method) by comparing the change due to A and the change due to B with each other and
normalizing each so that their sum equals 100%.
Figure 4-2 shows the results of the Average Annual Change method and Appendix 1 provides
the detailed calculations that underlie these results. It turns out that during the period of the
study, both labor and infrastructure productivity has been driven primarily (two thirds) by
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endogenous factors, while it has been the opposite for fuel productivity. Finally exogenous
and endogenous factors appear to be quite balanced in the case of equipment productivity.
Fig. 4-2: Contributions of endogenous and exogenous factors to productivity-
Average Annual Change method
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4.2.3 The Cumulative method
So far, we have seen how the Total Change method assesses factor contributions to a
change in a given productivity metric across the entire study period. We have also seen how
the second method can be used to estimate factor contributions for the average annual
changes in productivity over the 30-year period.
The third and last method measures, in turn, the cumulative gains or losses in productivity
over the period of the study. It relies on a more complex estimation method compared to
the first two methods:
Let us assume that a given productivity metric M is defined as the ratio of two components A
and B (M=A/B, e.g. fuel productivity=RTM/gallons consumed), and that the historical data
for M, A, and B are available. The objective is to estimate the contribution of each of the two
components to the net gain (or loss) in productivity over the past 3 decades.
Step 1: Establish a base case where M=Mo=Ao/Bo, where MO, Ao, and Bo are the respective
values of M, A, and B in year 0. This base case assumes that either of the components has
changed over time and that consequently M has remained constant and equal to Mo over
the 30 years.
Step 2: Calculate the cumulative productivity gain (or loss) during the 30-year period as the
sum over the years of the differences between the observed values of M and the base case.
It simply corresponds to the area between the M-curve and the base case line.
MO
M observed
Total Net Productivity Gain
Time
Step 3: Sequentially, we measure the isolated contribution of each of the two components
by calculating the value of M when only one component varies, and the other is kept at its
year-0 value. Therefore, the contribution of the assessed component corresponds to the
area between the calculated M-curve and the base case line.
- Total Net Productivity Gain = 100%
M calculated by varying
A and fixing B
- Net Productivity Gain due to A only = 40%
Time
A question that arises is whether the sum of the isolated contributions is equal to the total
net productivity gain?
The total net productivity gain can be written: PttaI=O (Mi-Mo)
And the contributions of component A and component B are respectively:
PA= =0 (i-Mo) and PB= O(L -Mo)Te = P o)Bo Bi
Then, PA+PB=PtotaI is equivalent to:
.............
En0[Ai AaO
) +0 (-Mio) = E
o~0( Ai+ Ao- M-M )=0
Bo Bi
oAi-Ao -i =0
1= Bo Bi Bi Bo
At least one case where this last expression is correct is when A and/or B has been constant
over the entire period (Ai=Ao and/or Bi=Bo, for every ie[0,n]). But in the case where for
example A has been strictly increasing and B strictly decreasing during the period of the
study (Ai>Ao and Bi<Bo, for every ie[0,n]) it becomes:
2:9o [(Ai-Ao) ( - 0 @ (Ai-Ao) ( =- =0 for every ie[0,n]
This implies that Ai=Ao or Bi=Bo for every ie[0,n], which is in contradiction with the fact that
Ai>Ao and Bi<Bo.
Therefore PA+PB=Ptotal does not always apply when M=A/B.
However, it turns out that the rule above applies in all cases when M is the sum of its
impacting factors instead of the ratio, i.e. M=A+B:
Indeed, in this case PA+PB=EUO [(Ai+Bo)-Mo]+ o [(Ao+Bi)-Mo]
PA+PB=ZUo [(Ai+Bo)- (Ao+Bo) ]+X o [(Ao+Bi)-(Ao+Bo)]
PA+PB = 0 (Ai+Bi-Ao-Bo) Uo (Mi-Mo)
PA+PB=Ptotal
But, if the sum of the contributions is equal to the total net productivity gain only in the
particular case where a given productivity metric is written as the sum of its impacting
factors, how can we deal with the metrics being fractions rather than sums (e.g.
RTM/employee hours)?
This issue can be solved by using logarithms which allow the transformation of products to
sums and fractions to subtractions:
M=AxB 4 LN(M) = LN(A) + LN(B), and
M=A/B - LN(M) = LN(A) - LN(B).
Then, rather than assessing the contribution of A or B to the total net gain in M, we will
assess the contribution of LN(A) and LN(B) to the total net gain in LN(M).
By using this mathematical transformation, we can estimate the impact of both endogenous
and exogenous factors on each of the four productivity categories (Figure 4-3). Appendix 2
shows the calculation details for the four categories of productivity.
Fig. 4-3: Contributions of endogenous and exogenous factors to productivity -
cumulative method
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According to this method, endogenous factors accounted for almost three quarters of labor
productivity gains over the past 30 years, while they contributed only a third in the case of
fuel and equipment productivity. Infrastructure productivity, in turn, shows more balanced
impacts of endogenous and exogenous factors.
4.2.4 Comparison of the results
The comparison of the results in Figure 4-3 shows a significant consistency between the
three methods especially for labor and fuel productivity. The contributions in the case of
infrastructure and equipment categories differ to a greater degree.
Labor productivity Fuel productivity Infrastructure Equipment
productivity productivity
.................
Fig. 4-4: Contributions of endogenous and exogenous factors to productivity -
comparison of the 3 methods
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4.3 Operations productivity as a function of its impacting factors
We concluded at the end of the previous chapter that operations productivity is influenced
by the productivity of the four categories of inputs. The first idea that arose was to highlight
this relationship by using linear or logarithmic regressions. But we rapidly realized that
operations productivity can, in fact, be easily and intuitively written as a function (neither
linear nor logarithmic) of its impacting factors and other factors that will appear while
developing the following equations:
Op. prod =Op.Revenues
Op.Expenses
Freight revenues + Non-freight revenues
Labor exp. + Fuel exp. + MOW + MOE + Other expenses
N. B: All revenues and expenses are expressed in constant $.
The assumption is made that the variations of non-freight revenues and of expenditures
under the section "other" do not significantly influence the variation of operations
productivity. Figure 4-5 below shows how the suppression of these two factors only
amplifies, but does not significantly change, the trend of operations productivity:
bD D >
U CU CU
0 ~
Fuel productivity
Fig. 4-5: The impact of non-freight revenues and other expenses on
operations productivity
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As a consequence, the operations productivity metric can be considered as equivalent (~)
to:
Freight revenues
Labor exp. + Fuel exp. + MOW + MOE
then
RTM * Average shipping rate
Labor exp. + Fuel exp. + MOW + MOE
with
Labor exp. = Labor unit cost * Number of employee-hours
and
Fuel exp. = Fuel unit cost * Number of gallons of fuel consumed
then
Op. prod ~
RTM * Average shipping rate
(Labor unit cost * # of empl.hrs) + (Fuel unit cost * # of gallons)+ MOW + MOE
Average shipping rate(Labor unit cost *# of empl.hrs (Fuel unit cost * # of gallons\
RTM ) + RTM /
MOW MOE
RTM RTM
and finally
Average shipping rate
Op. prod Labor unit cost + Fuel unit cost + 1 + 1
Labor productivity Fuel productivity Infra. productivity Equip.productivity
This final expression breaks down the operations productivity metric to a level involving
seven elementary factors that can be considered independent. Operations productivity
appears to be a function of not only the productivity of the inputs but also of the average
shipping rate and the cost of fuel and labor.
The assumption of the independence of the factors constitutes the main shortcoming of our
analysis as we know that there is not total independence between the demand and shipping
rates (even if the existence of earlier regulation on prices and the relative freedom with
which railroads have raised their rates in the recent years may suggest it), but also between
shipping rates and fuel cost (trains being more fuel efficient than trucks, the relative
competitiveness of railroads increases when fuel prices go up, enabling the industry to
increase rail shipping rates).
The next step consists into the estimation of the contributions to operations productivity of
the seven factors identified above. For this purpose, the three methods that we used in
section 4-2 can be applied.
4.3.1 The Total Change and Average Annual Change methods
As for input productivity metrics, the Total Change and the Average Annual Change methods
can be applied to operations productivity by calculating the changes between 1979 and 2009
in this metric when each of the components in the final expression above changes separately
while the others are kept constant. The only difference is that instead of 2 components as in
the case of input productivity metrics, the operations productivity metric is written as a
function of 7 components (which can be interpreted as "factors" in the case of operations
productivity).
The results in Figures 4-6 and 4-7 show that among the impacting factors it is labor
productivity and rates that had respectively the largest positive and negative impacts on
operations productivity, with the magnitude of these contributions being more significant
when the Average Annual Change method is used.
It is also interesting to note that if shipping rates have remained at their 1979 level, the final
gain in productivity would have been 1.6 times to 2.6 times higher, using respectively the
Total Change and the Average Annual Change methods.
Fig. 4-6: Factor contributions to operations productivity - Total Change
method
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Fig. 4-7: Factor contributions to operations productivity - Average
Annual Change method
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4.3.2 The Cumulative method
We earlier found that:
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This expression contains ratios and sums. Therefore, the estimation of the seven factor
contributions requires several combinations of the mathematical transformations using
logarithms. We can write then:
LN(Op.prod) = LN(avg. shipping rate) - LN(a)
where
Labor unit cost Fuel unit cost 1 1
Labor productivity Fuel productivity Infra. productivity Equip. productivity
=a + b +c+d
The calculations in Appendix 3 show that the average shipping rate contributed negatively -
167.5% to the operations productivity cumulative gain over the 30-year period, while the
contribution of a was 267.5%.
As a is simply the sum of a, b, c, and d, the impacts of these four parameters on a can be
assessed without using logarithms. It turns out that these contributions were:
Labor unit cost
Labor productivity'
4.3% for b =Fuel unit cost
Fuel productivity'
1
9.2% for c = Infrastructure productivity ' and
18.9% for d = Equipment productivity
Also, by writing:
LN(a) = LN(Labor unit cost) - LN(Labor productivity) and
LN(b) = LN(Fuel unit cost) - LN(Fuel productivity),
we calculate that:
- labor unit cost and labor productivity contributed respectively 10.9% and 89.1% to
the net gain in "a" over the past 30 years, while
- fuel unit cost and fuel productivity contributed respectively 10.5% and 89.5% to the
net gain in "b".
Of course, 100% of the net gains in "c" and "d" are attributable to infrastructure and
equipment productivity respectively.
Finally, let us consider a factor such as labor productivity. It contributed 89.1% of the net
gain in "a" which itself contributed 77.6% of the net gain in a. This latter has impacted by
267.5% the overall operations productivity. Then, the impact of labor productivity on
operations productivity is 89.1% * 77.6% * 267.5% = 185%
The results of this analysis are summarized in Figure 4-8. As with the first two methods, it
turns out that with the exception of rates, all the other factors have played a positive role in
productivity improvements during the past 30 years, especially labor productivity. It should
be noted that the results obtained by the Average Annual Change method and the
Cumulative one are very close, both in magnitude and in their relative contributions.
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Fig. 4-8: Factor contributions to operations productivity - Cumulative
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The results of the Cumulative method can also be presented differently as in Figure 4-9
which shows the cumulative effects of the different factors. The starting point is the base
case horizontal line that assumes no evolution in any of the factors. Then, the effect of each
factor is added sequentially (eg. Base case+fuel price, base case+fuel price+labor cost...etc.).
-- ------------------- .........
Fig. 4-9: Operations productivity, factor cumulative effects
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4.4 Summary of findings
Our findings in this chapter can be summarized as in Figures 4-10 below:
Fig. 4-10: Summary of Findings
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Chapter 5: Conclusions and prospects for the future
5.1 General conclusions
The results obtained by using the three different methods, suggest that two factors have
played a major role in the evolution of operations productivity over the past 30 years. Labor
productivity first, contributed significantly to the gains in operations productivity as a result
of the huge reductions in the labor force allowed by the advent of computers, the bargaining
process between railroads and their mostly unionized employees, and finally the
rationalization of the industry. The second factor is shipping rates, which decreased
tremendously right after deregulation between mid-1970s and early 1980s. It is only since
2004 that rates reversed their downward trend and allowed the railroads to capture some of
the positive outcomes of the productivity improvements, while the latter had mainly
benefited shippers through lower rates.
It seems obvious that such major further improvements in labor productivity cannot be
achieved in the foreseeable future. One should not expect the industry to decrease its labor
force as it did over the past 30 years. This is corroborated by the fact that railroads started
hiring in 2004 in order to meet the increasing demand. Improvements in fuel, infrastructure,
and equipment productivity that can be achieved through continuing technological advance
are likely to see their relative importance increased compared to what it has been in the past
30 years.
However, all indications are that shipping rates will continue to greatly impact operations
productivity in the future. Interesting questions arise about whether the actual rates will
maintain their upward trend, stimulated in this by the increase in fuel prices and the limited
capacity, or is the trend more likely to slow down under shippers' pressure and potential
investments in additional capacity. This study has considered only the average shipping rate
without distinguishing the different commodities whose trends, we believe, are significantly
different and deserve a more detailed and in-depth analysis. Therefore, besides investigating
the potential niches for additional productivity improvements, further research on the field
can probably look at the forces driving the demand and rate determination for each of the
main commodities shipped by rail such as coal, chemicals, farm products, and intermodal.
Finally, we hope that this study has introduced a new way of approaching productivity issues
and that the frameworks developed to organize productivity metrics and impacting factors,
and the three methods used to assess the contributions of the various factors to productivity
gains, will be useful for the remainder of the MIT productivity project and can be easily and
constructively applied to other transportation modes.
5.2 Future work in the field
Since we have been able to write productivity metrics as a function of their impacting
factors, it should be possible to build different future scenarios regarding factors such as fuel
prices, shipping rates, and demand and evaluate, using the same methods developed in this
study, the impacts of these changes on the overall productivity of the industry. Our focus on
this study has been mainly on the analytical and descriptive capabilities of the tools we
developed, but our belief is that they can be similarly applied in an effective way in a
forecasting context.
Further work in the context of the MIT productivity project can focus on the following issues
that emerged sometimes explicitly throughout this study:
e The drivers of rate determination and the future possible changes in the demand for
each type of strategic commodity, e.g. how environmental restrictions on emissions
by power generation plants can sustain long haul shipments of coal? How
threatening for the freight rail industry is the shift from coal to natural gas in power
generation?
* Capacity issues and where infrastructure and equipment investments should be
directed to maximize the industry output. What coordination is needed between
railroads and what contribution can the Federal Government and its representative
bodies bring to this process?
e A way to alleviate at least modestly the pressure from capacity limitations is to
improve the coordination with the passenger rail operator Amtrak. What measures
can be undertaken in that sense and what would be the impact of the
implementation of the High Speed Rail on some corridors on the freight rail capacity
and, thus, on its productivity?
e Voices are calling for "re-regulation". What mechanisms could be considered and
what benefits to shippers and railroads would be generated in these case?
e What possibilities exist for strengthening the cooperation between freight rail and
trucking beyond the scope of the single intermodal segment?
* What technological and operational improvements are likely to have the most
important impact on the productivity of the industry in the future? (e.g, information
technology use in train scheduling, tracking, and interchange management, the
development of integrated logistics centers at the interchanges with good highway
access...etc.)
e On a methodological front a priority would be incorporation of an explicit demand
function within the modeling framework so demand could also be treated as
(partially) endogenous, reflecting railroad and competitors' prices.
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Appendix 1-a: End:genous vs. Exogenous factor contributions to labor productivity (average annual change method)
Impact of RTM Impact of empl.hr:
Years RTM (million) Employee.hrs (million) RTM/Empl.hr at Annual change RTM/Empl.hr at Annual change
constant employ.hr constant RTM
1979 914000 1154 792 792
1980 918000 1 065 795 0,44% 858 8,36%
1981 910 000 1 004 789 -0,87% 910 6,03%
1982 798000 861 691 -12,31% 1 062 16,68%
1983 828000 772 717 3,76% 1 184 11,56%
1984 921 000 788 798 11,23% 1 160 -2,05%
1985 877000 733 760 -4,78% 1 246 7,44%
1986 868000 667 752 -1,03% 1 371 9,99%
1987 944000 617 818 8,76% 1 482 8,12%
1988 996000 592 863 5,51% 1 544 4,19%
1989 1 014000 571 879 1,81% 1 601 3,65%
1990 1 034 000 544 896 1,97% 1 680 4,97%
1991 1 039000 514 900 0,48% 1 777 5,75%
1992 1 067 000 490 925 2,69% 1 864 4,90%
1993 1 109000 486 961 3,94% 1 879 0,81%
1994 1 201 000 479 1 041 8,30% 1 909 1,61%
1995 1 306000 476 1 132 8,74% 1 922 0,65%
1996 1 356000 457 1 175 3,83% 1 999 3,99%
1997 1 349 000 454 1 169 -0,52% 2 014 0,79%
1998 1 377000 466 1 193 2,08% 1 961 -2,63%
1999 1 433 000 457 1 242 4,07% 2 002 2,08%
2000 1 466 000 445 1 270 2,30% 2 053 2,54%
2001 1 495000 425 1 295 1,98% 2 150 4,70%
2002 1 507 000 413 1 306 0,80% 2 214 3,01%
2003 1 551 000 408 1 344 2,92% 2 242 1,26%
2004 1 662 600 425 1 441 7,20% 2 148 -4,19%
2005 1 696 400 422 1 470 2,03% 2 165 0,79%
2006 1 771 900 437 1 535 4,45% 2 094 -3,31%
2007 1 770500 423 1 534 -0,08% 2159 3,11%
2008 1 777 200 413 1 540 0,38% 2 215 2,60%
2009 1 532 200 367 1 328 -13,79% 2 492 12,49%
Average annual variation
Contribution
1,88%
31,9%
4,00%
68,1%
Appendix 1-b: Endogenous vs. Exogenous factor contributions to fuel productivity (average annual change method)
Gallons of fuel Impact of RTM : Impact of gallons:Years RTM (million) (million) RTM/Gallon at Annual change RTM/Gallon at Annual change
constant gallons constant RTM
1979 914000 4013 228 228
1980 918000 3890 229 0,44% 235 3,16%
1981 910 000 3 722 227 -0,87% 246 4,51%
1982 798000 3130 199 -12,31% 292 18,91%
1983 828000 3112 206 3,76% 294 0,58%
1984 921 000 3355 230 11,23% 272 -7,24%
1985 877000 3110 219 -4,78% 294 7,88%
1986 868 000 3008 216 -1,03% 304 3,39%
1987 944 000 3 079 235 8,76% 297 -2,31%
1988 996 000 3 159 248 5,51% 289 -2,53%
1989 1 014000 3169 253 1,81% 288 -0,32%
1990 1 034000 3115 258 1,97% 293 1,73%
1991 1 039000 2906 259 0,48% 315 7,19%
1992 1 067000 3005 266 2,69% 304 -3,29%
1993 1 109000 3088 276 3,94% 296 -2,69%
1994 1 201 000 3 334 299 8,30% 274 -7,38%
1995 1 306000 3480 325 8,74% 263 -4,20%
1996 1 356000 3579 338 3,83% 255 -2,77%
1997 1 349000 3575 336 -0,52% 256 0,11%
1998 1 377000 3583 343 2,08% 255 -0,22%
1999 1 433000 3715 357 4,07% 246 -3,55%
2000 1 466000 3700 365 2,30% 247 0,41%
2001 1 495000 3710 373 1,98% 246 -0,27%
2002 1 507000 3730 376 0,80% 245 -0,54%
2003 1 551 000 3826 386 2,92/6 239 -2,51%
2004 1 662600 4059 414 7,20% 225 -5,74%
2005 1 696400 4098 423 2,03% 223 -0,95%
2006 1 771 900 4192 442 4,45% 218 -2,24%
2007 1 770 500 4 062 441 -0,08% 225 3,20%
2008 1 777 200 3 886 443 0,38% 235 4,53%
2009 1 532200 3192 382 -13,79% 286 21,74%
Average annual variation
Contribution
1,88%
66,3%
0,95%
33,7%
Appendix 1-c: Endogenous vs. Exogenous factor contributions to equipment productivity (average annual change method)
Impact of RTM: Impact of MOE:
Years RTM (million) MOE (M$) RTM/MOE at Annual change RTM/MOE at Annual change
constant MOE constant RTM
1979 914000 6397 143 143
1980 918000 6034 144 0,44% 151 6,01%
1981 910000 6119 142 -0,87% 149 -1,39%
1982 798000 5835 125 -12,31% 157 4,85%
1983 828000 6019 129 3,76% 152 -3,04%
1984 921 000 6509 144 11,23% 140 -7,53%
1985 877000 6170 137 -4,78% 148 5,50%
1986 868000 6764 136 -1,03% 135 -8,79%
1987 944000 6580 148 8,76% 139 2,81%
1988 996000 6323 156 5,51% 145 4,07%
1989 1 014000 6152 159 1,81% 149 2,77%
1990 1 034000 6221 162 1,97% 147 -1,11%
1991 1 039000 5608 162 0,48% 163 10,93%
1992 1 067000 5234 167 2,69% 175 7,14%
1993 1 109000 5226 173 3,94% 175 0,16%
1994 1 201 000 5518 188 8,30% 166 -5,29%
1995 1 306000 5840 204 8,74% 157 -5,51%
1996 1 356000 5669 212 3,83% 161 3,02%
1997 1 349000 5465 211 -0,52% 167 3,73%
1998 1 377000 5411 215 2,08% 169 0,99%
1999 1 433000 5764 224 4,07% 159 -6,12%
2000 1 466000 5617 229 2,30% 163 2,61%
2001 1 495000 5406 234 1,98% 169 3,90%
2002 1 507000 5472 236 0,80% 167 -1,19%
2003 1 551 000 5 617 242 2,92% 163 -2,58%
2004 1 662600 5726 260 7,20% 160 -1,91%
2005 1 696 400 5 356 265 2,03% 171 6,91%
2006 1 771 900 5 055 277 4,45% 181 5,95%
2007 1 770 500 4 698 277 -0,08% 195 7,60%
2008 1 777 200 5 800 278 0,38% 158 -18,99%
2009 1 532 200 4 075 240 -13,79% 224 42,32%
Average annual variation
Contribution
1,88%
49,3%
1,93%
50,7%
Appendix 1-d: Endogenous vs. Exogenous factor contributions to infrastructure productivity (average annual change method)
Impact of RTM: Impact of MOW:
Years RTM (million) MOW (M$) RTM/MOW at Annual change RTM/MOW at Annual change
constant MOW constant RTM
1979 914000 4746 193 193
1980 918000 4508 193 0,44% 203 5,30%
1981 910000 4801 192 -0,87% 190 -6,11%
1982 798000 4419 168 -12,31% 207 8,65%
1983 828000 3215 174 3,76% 284 37,45%
1984 921 000 3 181 194 11,23% 287 1,07%
1985 877 000 3 322 185 -4,78% 275 -4,25%
1986 868000 4103 183 -1,03% 223 -19,05%
1987 944000 3898 199 8,76% 234 5,28%
1988 996000 3874 210 5,51% 236 0,62%
1989 1 014000 3769 214 1,81% 243 2,78%
1990 1 034 000 3 510 218 1,97% 260 7,37%
1991 1 039000 4259 219 0,48% 215 -17,58%
1992 1 067 000 3 048 225 2,69% 300 39,70%
1993 1 109000 2 928 234 3,94% 312 4,12%
1994 1 201 000 2887 253 8,30% 317 1,41%
1995 1 306 000 3 905 275 8,74% 234 -26,07%
1996 1 356 000 2 844 286 3,83% 321 37,32%
1997 1 349 000 2 956 284 -0,52% 309 -3,82%
1998 1 377 000 2 828 290 2,08% 323 4,53%
1999 1 433 000 3 229 302 4,07% 283 -12,41%
2000 1 466 000 3 207 309 2,30% 285 0,68%
2001 1 495 000 3 201 315 1,98% 285 0,19%
2002 1 507 000 3 524 318 0,80% 259 -9,14%
2003 1 551 000 3 802 327 2,92% 240 -7,32%
2004 1 662 600 4 027 350 7,20% 227 -5,60%
2005 1 696 400 3 733 357 2,03% 245 7,87%
2006 1 771 900 3 554 373 4,45% 257 5,04%
2007 1 770 500 3 357 373 -0,08% 272 5,89%
2008 1 777 200 3 677 374 0,38% 249 -8,72%
2009 1 532 200 2 488 323 -13,79% 367 47,82%
Average annual variation
Contribution
1,88%
35,3%
3,43%
64,7%
Appendix 2-a: endogenous and exogenous factor contributions to labor productivity - cumulative method
Base Case Prod. with varying RTM Prod. with varying
Years RTM Employee. hrs RTM/EmpB.hr LN(RTM/Empa.hr) LN(RTM1979)- only: Emp.hrs only:(million) (million) LN(Emp.hr1 979) LN(RTM)- nl
LN(Empl____ 
_hr________)_LN(Empl.hrr979) LN(RTMigrg)-LN(Empl.hr)
1979 914000 1 154 792 6,675 6,675 6,675 6,675
1980 918000 1 065 862 6,759 6,675 6,679 6,755
1981 910000 1 004 906 6,809 6,675 6,670 6,813
1982 798000 861 927 6,832 6,675 6,539 6,968
1983 828 000 772 1 073 6,978 6,675 6,576 7,077
1984 921 000 788 1 169 7,064 6,675 6,682 7,056
1985 877000 733 1 196 7,087 6,675 6,633 7,128
1986 868000 667 1 302 7,172 6,675 6,623 7,223
1987 944 000 617 1 531 7,334 6,675 6,707 7,301
1988 996 000 592 1 683 7,428 6,675 6,760 7,342
1989 1 014000 571 1 776 7,482 6,675 6,778 7,378
1990 1 034000 544 1 901 7,550 6,675 6,798 7,427
1991 1 039000 514 2020 7,611 6,675 6,803 7,483
1992 1 067000 490 2176 7,685 6,675 6,829 7,530
1993 1 109000 486 2280 7,732 6,675 6,868 7,539
1994 1 201 000 479 2 509 7,828 6,675 6,948 7,555
1995 1 306 000 476 2 746 7,918 6,675 7,031 7,561
1996 1 356000 457 2965 7,995 6,675 7,069 7,600
1997 1 349000 454 2973 7,997 6,675 7,064 7,608
1998 1 377000 466 2955 7,991 6,675 7,084 7,581
1999 1 433000 457 3139 8,052 6,675 7,124 7,602
2000 1 466000 445 3293 8,100 6,675 7,147 7,627
2001 1 495000 425 3516 8,165 6,675 7,167 7,673
2002 1 507000 413 3651 8,203 6,675 7,175 7,703
2003 1 551 000 408 3805 8,244 6,675 7,203 7,715
2004 1 662 600 425 3 908 8,271 6,675 7,273 7,672
2005 1 696400 422 4019 8,299 6,675 7,293 7,680
2006 1 771 900 437 4 059 8,309 6,675 7,337 7,647
2007 1 770500 423 4182 8,339 6,675 7,336 7,677
2008 1 777200 413 4307 8,368 6,675 7,340 7,703
2009 1 532200 367 4177 8,337 6,675 7,191 7,821
Total Net Productivity Gain 31,700
100%
Factor Contributions 8,490
26,8%
23,210
73,2%
Appendix 2-b: endogenous and exogenous factor contributions to fuel productivity - cumulative method
Base Case Prod. with varying Prod. with varying
Years RTM Gallons of fuel RTM/gallon LN(RTM/gallon) LN(RTM1979)- RTM only: Gallons only:(million) (million) LN(Galon,99 LN(RTM)- LN(RTM 1979)-LN(Gallons1979) LN(Gallons)
1979 914000 4013 228 5,428 5,428 5,428 5,428
1980 918 000 3 890 236 5,464 5,428 5,433 5,459
1981 910000 3722 244 5,499 5,428 5,424 5,504
1982 798000 3130 255 5,541 5,428 5,293 5,677
1983 828000 3112 266 5,584 5,428 5,329 5,683
1984 921 000 3355 275 5,615 5,428 5,436 5,607
1985 877000 3110 282 5,642 5,428 5,387 5,683
1986 868000 3008 289 5,665 5,428 5,377 5,717
1987 944000 3079 307 5,726 5,428 5,461 5,693
1988 996000 3159 315 5,753 5,428 5,514 5,668
1989 1 014000 3169 320 5,768 5,428 5,532 5,664
1990 1 034000 3115 332 5,805 5,428 5,552 5,682
1991 1 039 000 2 906 358 5,879 5,428 5,556 5,751
1992 1 067000 3005 355 5,872 5,428 5,583 5,718
1993 1 109 000 3 088 359 5,884 5,428 5,622 5,690
1994 1 201 000 3334 360 5,887 5,428 5,701 5,614
1995 1 306 000 3 480 375 5,928 5,428 5,785 5,571
1996 1 356000 3579 379 5,937 5,428 5,823 5,543
1997 1 349000 3575 377 5,933 5,428 5,818 5,544
1998 1 377 000 3 583 384 5,951 5,428 5,838 5,542
1999 1 433 000 3 715 386 5,955 5,428 5,878 5,505
2000 1 466 000 3 700 396 5,982 5,428 5,901 5,509
2001 1 495 000 3 710 403 5,999 5,428 5,920 5,507
2002 1 507 000 3 730 404 6,001 5,428 5,928 5,501
2003 1 551 000 3 826 405 6,005 5,428 5,957 5,476
2004 1 662 600 4 059 410 6,015 5,428 6,027 5,417
2005 1 696 400 4 098 414 6,026 5,428 6,047 5,407
2006 1 771 900 4 192 423 6,047 5,428 6,090 5,385
2007 1 770500 4062 436 6,077 5,428 6,089 5,416
2008 1 777200 3886 457 6,125 5,428 6,093 5,460
2009 1 532200 3192 480 6,174 5,428 5,945 5,657
Total Net Productivity Gain 12,891
100%
Factor Contributions 8,490
65,9%
4,401
34,1%
Appendix 2-c: endogenous and exogenous factor contributions to equipment productivity - cumulative method
Base Case Prod. with varying Prod. with varying
Years R MOE (M$) RTM/$ofMOE LN(RTM/$ofMOE) LN(RTM1979)- L o 7o)(ilo)LN(M0E, 979) LN(RTM)- LN(RTM 1979)-LN(MOE, 979) LN(MOE)
1979 914000 6397 143 4,962 4,962 4,962 4,962
1980 918000 6034 152 5,025 4,962 4,966 5,020
1981 910000 6119 149 5,002 4,962 4,958 5,006
1982 798000 5835 137 4,918 4,962 4,826 5,054
1983 828000 6019 138 4,924 4,962 4,863 5,023
1984 921 000 6 509 141 4,952 4,962 4,970 4,945
1985 877000 6170 142 4,957 4,962 4,921 4,998
1986 868000 6764 128 4,855 4,962 4,910 4,906
1987 944 000 6 580 143 4,966 4,962 4,994 4,934
1988 996000 6323 158 5,060 4,962 5,048 4,974
1989 1 014000 6152 165 5,105 4,962 5,066 5,001
1990 1 034000 6221 166 5,113 4,962 5,085 4,990
1991 1 039 000 5 608 185 5,222 4,962 5,090 5,094
1992 1 067000 5234 204 5,317 4,962 5,117 5,163
1993 1 109000 5226 212 5,358 4,962 5,155 5,164
1994 1 201000 5518 218 5,383 4,962 5,235 5,110
1995 1 306000 5840 224 5,410 4,962 5,319 5,053
1996 1 356000 5669 239 5,477 4,962 5,357 5,083
1997 1 349000 5465 247 5,509 4,962 5,351 5,119
1998 1 377000 5411 254 5,539 4,962 5,372 5,129
1999 1 433000 5764 249 5,516 4,962 5,412 5,066
2000 1 466000 5617 261 5,564 4,962 5,435 5,092
2001 1 495000 5406 277 5,622 4,962 5,454 5,130
2002 1 507000 5472 275 5,618 4,962 5,462 5,118
2003 1 551 000 5 617 276 5,621 4,962 5,491 5,092
2004 1 662 600 5 726 290 5,671 4,962 5,560 5,073
2005 1 696 400 5 356 317 5,758 4,962 5,580 5,140
2006 1 771 900 5 055 351 5,859 4,962 5,624 5,197
2007 1 770 500 4 698 377 5,932 4,962 5,623 5,271
2008 1 777200 5800 306 5,725 4,962 5,627 5,060
2009 1 532 200 4075 376 5,930 4,962 5,479 5,413
Total Net Productivity Gain 12,047
100%
Factor Contributions 8,490
70,5%
3,557
29,5%
Appendix 2-d: endogenous and exogenous factor contributions to infrastructure productivity - cumulative method
Base Case Prod. with varying Prod. with varying
Years RTM MOW (M$) RTM/$ofMOW LN(RTM/$ofMOW) LN(RTM1979)- RTM only: MOW only:(million) LNMOW'9 LN(RTM)- LN(RTM 1979)-
LN(MOW 1979) LN(MOW)
1979 914000 4746 193 5,260 5,260 5,260 5,260
1980 918000 4508 204 5,316 5,260 5,265 5,312
1981 910000 4801 190 5,245 5,260 5,256 5,249
1982 798000 4419 181 5,196 5,260 5,125 5,332
1983 828000 3215 258 5,551 5,260 5,162 5,650
1984 921 000 3 181 290 5,668 5,260 5,268 5,661
1985 877 000 3322 264 5,576 5,260 5,219 5,617
1986 868000 4103 212 5,354 5,260 5,209 5,406
1987 944000 3898 242 5,490 5,260 5,293 5,457
1988 996000 3874 257 5,550 5,260 5,346 5,464
1989 1 014000 3769 269 5,595 5,260 5,364 5,491
1990 1 034000 3510 295 5,686 5,260 5,384 5,562
1991 1 039000 4259 244 5,497 5,260 5,389 5,369
1992 1 067000 3048 350 5,858 5,260 5,415 5,703
1993 1 109000 2928 379 5,937 5,260 5,454 5,744
1994 1 201 000 2 887 416 6,031 5,260 5,534 5,758
1995 1 306000 3905 334 5,813 5,260 5,617 5,456
1996 1 356000 2844 477 6,167 5,260 5,655 5,773
1997 1 349000 2956 456 6,123 5,260 5,650 5,734
1998 1 377000 2828 487 6,188 5,260 5,670 5,778
1999 1 433000 3229 444 6,095 5,260 5,710 5,646
2000 1 466000 3207 457 6,125 5,260 5,733 5,652
2001 1 495000 3201 467 6,146 5,260 5,753 5,654
2002 1 507 000 3 524 428 6,058 5,260 5,760 5,558
2003 1 551 000 3 802 408 6,011 5,260 5,789 5,482
2004 1 662 600 4 027 413 6,023 5,260 5,859 5,425
2005 1 696400 3733 454 6,119 5,260 5,879 5,501
2006 1 771 900 3554 499 6,212 5,260 5,922 5,550
2007 1 770 500 3 357 527 6,268 5,260 5,922 5,607
2008 1 777200 3677 483 6,181 5,260 5,925 5,516
2009 1 532 200 2 488 616 6,423 5,260 5,777 5,906
Total Net Productivity Gain Factor Contributions17,688
100%
8,490
48,0%
9,198
52,0%
Appendix 3-a: impact of rates and a on operations productivity
LN(rates) LN(a) LN(Op.prod) rates impact a impact
-3,037016151 -3,141785064 0,104768913 0,104768913 0,104768913
-3,024397782 -3,202359195 0,177961414 0,117387282 0,165343045
-3,01007251 -3,244124729 0,234052219 0,131712554 0,207108578
-3,057160563 -3,246992953 0,189832389 0,084624501 0,209976802
-3,122853257 -3,416429104 0,293575847 0,018931807 0,379412953
-3,16865048 -3,494203266 0,325552786 -0,026865417 0,457187116
-3,211158288 -3,489556838 0,27839855 -0,069373224 0,452540687
-3,274614197 -3,492560797 0,2179466 -0,132829133 0,455544646
-3,370935001 -3,639131253 0,268196253 -0,229149937 0,602115103
-3,411769513 -3,732946018 0,321176504 -0,269984449 0,695929867
-3,465852296 -3,793518588 0,327666292 -0,324067232 0,756502438
-3,509664624 -3,859100836 0,349436211 -0,36787956 0,822084685
-3,567200397 -3,887188857 0,319988459 -0,425415333 0,850172706
-3,594663251 -4,007660065 0,412996814 -0,452878187 0,970643915
-3,643826072 -4,052445738 0,408619666 -0,502041008 1,015429588
-3,671707933 -4,109935002 0,438227069 -0,529922869 1,072918852
-3,729284869 -4,134849647 0,405564778 -0,587499805 1,097833496
-3,767297595 -4,24079334 0,473495745 -0,625512531 1,203777189
-3,766942649 -4,245322801 0,478380151 -0,625157585 1,20830665
-3,800900908 -4,246931951 0,446031043 -0,659115844 1,209915801
-3,842852523 -4,260484373 0,41763185 -0,701067459 1,223468222
-3,875503182 -4,319414241 0,443911058 -0,733718119 1,28239809
-3,9040994 -4,380977937 0,476878538 -0,762314336 1,343961787
-3,910173205 -4,388387386 0,478214182 -0,768388141 1,351371236
-3,923027032 -4,395992778 0,472965746 -0,781241968 1,358976627
-3,921938367 -4,41897623 0,497037863 -0,780153303 1,381960079
-3,848207461 -4,473845747 0,625638286 -0,706422397 1,436829596
-3,800231729 -4,516955339 0,71672361 -0,658446665 1,479939188
-3,763999053 -4,547986864 0,783987811 -0,622213989 1,510970714
-3,691405835 -4,50097293 0,809567095 -0,549620771 1,46395678
-3,797926595 -4,603862744 0,805936149 -0,656141531 1,566846594
9,752523577 -16,33783205
100% -168%
26,09035563
268%
Appendix 3-b: impact of a, b, c, and d on a
a=Labor bFe ~ /qiprice/Labor price/Fue prod c=1/infra prod d=1/equip a a impact b impact c impact d impact
prod
0,028 0,003 0,005 0,007 0,043 0,043 0,043 0,043 0,043
0,027 0,003 0,005 0,007 0,041 0,042 0,043 0,043 0,043
0,025 0,002 0,005 0,007 0,039 0,039 0,043 0,043 0,043
0,024 0,002 0,006 0,007 0,039 0,039 0,043 0,044 0,044
0,019 0,002 0,004 0,007 0,033 0,034 0,043 0,042 0,043
0,018 0,002 0,003 0,007 0,030 0,033 0,043 0,041 0,043
0,018 0,002 0,004 0,007 0,031 0,032 0,043 0,042 0,043
0,016 0,002 0,005 0,008 0,030 0,031 0,043 0,043 0,044
0,013 0,002 0,004 0,007 0,026 0,028 0,042 0,042 0,043
0,012 0,002 0,004 0,006 0,024 0,027 0,042 0,042 0,043
0,011 0,002 0,004 0,006 0,023 0,026 0,042 0,042 0,042
0,010 0,002 0,003 0,006 0,021 0,025 0,042 0,041 0,042
0,009 0,002 0,004 0,005 0,021 0,024 0,042 0,042 0,042
0,009 0,002 0,003 0,005 0,018 0,024 0,042 0,041 0,041
0,008 0,002 0,003 0,005 0,017 0,023 0,042 0,041 0,041
0,008 0,002 0,002 0,005 0,016 0,023 0,042 0,040 0,041
0,007 0,002 0,003 0,004 0,016 0,022 0,042 0,041 0,041
0,007 0,002 0,002 0,004 0,014 0,022 0,042 0,040 0,040
0,007 0,002 0,002 0,004 0,014 0,021 0,042 0,040 0,040
0,007 0,002 0,002 0,004 0,014 0,022 0,042 0,040 0,040
0,006 0,002 0,002 0,004 0,014 0,021 0,042 0,040 0,040
0,006 0,001 0,002 0,004 0,013 0,021 0,042 0,040 0,040
0,005 0,001 0,002 0,004 0,013 0,020 0,042 0,040 0,040
0,005 0,001 0,002 0,004 0,012 0,020 0,042 0,040 0,040
0,005 0,001 0,002 0,004 0,012 0,020 0,042 0,040 0,040
0,005 0,001 0,002 0,003 0,012 0,020 0,042 0,040 0,040
0,005 0,001 0,002 0,003 0,011 0,020 0,042 0,040 0,039
0,005 0,001 0,002 0,003 0,011 0,020 0,042 0,040 0,039
0,005 0,001 0,002 0,003 0,011 0,020 0,042 0,040 0,039
0,004 0,001 0,002 0,003 0,011 0,019 0,042 0,040 0,039
0,004 0,001 0,002 0,003 0,010 0,019 0,042 0,040 0,039
-0,6974 -0,5413 -0,03016 -0,06416 -0,06178
77,6% 4,3% 9,2% 8,9%
Appendix 3-c: impact of labor cost and labor productivity on "a"y
LN(labor cost) LN(labor prod) LN(a) labor cost impact labor prod impact
3,108968272 6,674561392 -3,56559312 -3,56559312 -3,56559312
3,134164043 6,759255271 -3,625091227 -3,540397348 -3,650286998
3,101731189 6,809039306 -3,707308117 -3,572830202 -3,700071034
3,089079002 6,831953566 -3,742874564 -3,58548239 -3,722985293
3,037098932 6,978213743 -3,941114811 -3,63746246 -3,86924547
3,026733403 7,063903961 -4,037170559 -3,647827989 -3,954935689
3,042996436 7,086737935 -4,043741498 -3,631564955 -3,977769662
3,026688638 7,171656823 -4,144968185 -3,647872754 -4,062688551
3,004778012 7,333676396 -4,328898384 -3,66978338 -4,224708123
2,981515007 7,428333194 -4,446818187 -3,693046385 -4,319364922
2,957713312 7,482118924 -4,524405612 -3,71684808 -4,373150651
2,931626875 7,550135342 -4,618508468 -3,742934517 -4,44116707
2,936040911 7,61085279 -4,674811879 -3,73852048 -4,501884518
2,944437487 7,685243608 -4,740806121 -3,730123905 -4,576275336
2,949003286 7,731930722 -4,782927436 -3,725558106 -4,62296245
2,968476663 7,827639546 -4,859162883 -3,706084729 -4,718671274
2,948115023 7,917900586 -4,969785563 -3,726446369 -4,808932314
2,974432931 7,994632311 -5,020199381 -3,700128461 -4,885664039
2,963879951 7,997326823 -5,033446872 -3,71068144 -4,888358551
2,986107656 7,99125393 -5,005146274 -3,688453736 -4,882285658
2,983495749 8,051659557 -5,068163808 -3,691065643 -4,942691285
2,952214334 8,099554282 -5,147339948 -3,722347058 -4,99058601
2,926536472 8,165079259 -5,238542787 -3,74802492 -5,056110987
2,90746473 8,202756382 -5,295291652 -3,767096662 -5,093788109
2,908916791 8,24407127 -5,335154479 -3,7656446 -5,135102998
2,951619923 8,270781013 -5,319161091 -3,722941469 -5,161812741
2,962488927 8,298788394 -5,336299467 -3,712072465 -5,189820122
2,949467273 8,308691917 -5,359224644 -3,725094119 -5,199723645
2,966866729 8,33854488 -5,371678151 -3,707694663 -5,229576608
2,958740817 8,367996885 -5,409256068 -3,715820575 -5,259028613
2,91815767 8,337348564 -5,419190895 -3,756403722 -5,228380292
-35,57869542 -3,878459994
10,9%
-31,70023543
89,1%
Appendix 3-d: impact of fuel cost and fuel productivity on "b"
LN(fuel price) LN(fuel prod) LN(b) fuel price impact fuel prod impact
-0,473728589 5,42829148 -5,90202007 -5,90202007 -5,90202007
-0,513232364 5,463788233 -5,977020597 -5,941523844 -5,937516822
-0,50862804 5,499183441 -6,007811482 -5,93691952 -5,972912031
-0,510079253 5,541075593 -6,051154846 -5,938370733 -6,014804182
-0,512508952 5,583747548 -6,0962565 -5,940800432 -6,057476138
-0,502070773 5,615008266 -6,117079039 -5,930362253 -6,088736855
-0,49579554 5,641884266 -6,137679807 -5,924087021 -6,115612856
-0,520794173 5,664916309 -6,185710482 -5,949085654 -6,138644898
-0,491992675 5,725521297 -6,217513973 -5,920284156 -6,199249887
-0,476678488 5,753491736 -6,230170224 -5,904969968 -6,227220325
-0,50243796 5,768242103 -6,270680063 -5,93072944 -6,241970693
-0,510536648 5,804960903 -6,315497551 -5,938828128 -6,278689492
-0,510230563 5,879236426 -6,389466989 -5,938522043 -6,352965015
-0,515711755 5,872328683 -6,388040439 -5,944003235 -6,346057273
-0,519511032 5,883690355 -6,403201387 -5,947802512 -6,357418945
-0,517982183 5,886737038 -6,40471922 -5,946273663 -6,360465627
-0,510658971 5,927692016 -6,438350987 -5,938950451 -6,401420606
-0,554776033 5,937211037 -6,49198707 -5,983067513 -6,410939626
-0,522261022 5,93315368 -6,455414702 -5,950552502 -6,40688227
-0,473287704 5,95146206 -6,424749765 -5,901579185 -6,42519065
-0,517117779 5,95514675 -6,472264529 -5,94540926 -6,428875339
-0,538342019 5,981960063 -6,520302082 -5,966633499 -6,455688652
-0,539178335 5,998849609 -6,538027945 -5,967469816 -6,472578199
-0,543954114 6,001467965 -6,545422079 -5,972245594 -6,475196554
-0,541801552 6,004835292 -6,546636844 -5,970093032 -6,478563882
-0,643024104 6,015201283 -6,658225387 -6,071315584 -6,488929873
-0,673674706 6,025764588 -6,699439294 -6,101966186 -6,499493177
-0,554568755 6,046629749 -6,601198504 -5,982860235 -6,520358339
-0,499118803 6,077341808 -6,576460611 -5,927410283 -6,551070398
-0,527194682 6,12541402 -6,652608702 -5,955486162 -6,59914261
-0,472237479 6,17381221 -6,646049689 -5,900528959 -6,6475408
-14,3985387
-1,507528774
10,5%
-12,89100992
89,5%
